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SYSTEMS AND METHODS FOR DELIVERING INTERFERON 

TO A SUBJECT 

FIELD AND BACKGROUND OF THE INVENTION 

5 The present invention relates to systems and methods for providing 

supplemental interferon to a subject and, more particularly, to systems and 
methods of administering interferon via an edible plant. The present 
invention further relates to a general method for providing an orally 
bio-available protein to a subject. 

10 In the last decade the use of plant viruses as vectors for gene expression 

of numerous proteins has received considerable attention, and several RNA 
virus vectors have been developed (Takamatsu et al., 1987; Chapman et al., 
1992; Dolja et al., 1992; Kumagai et al., 1993; Rommens et aL, 1995; Porta and 
Lomonossoff, 1996; Scholthof et al., 1996; Arazi et al., 2001). These vectors 

15 have been successfully used for in planta expression of plant genes 
(Hammond-Kosack et aL, 1995; Sablowski et al., 1995; Kumagai et al., 2000) 
and heterologous genes (Hamamoto et al., 1993; Hendy et al., 1999; 
McCormick et al, 1999; Gopinath et aL, 2000; Zhang et aL, 2000). 
Unfortunately, since most known plant viruses cause significant yield losses to 

20 host plants use of these plant virus vectors for the production of commercial 
crops with improved agronomic traits, or with added nutritional or 
pharmaceutical value has not been feasible. 

In addition, viruses are transmitted to other plants by their natural 
vectors in the field (Matthews, 1991). This issue raises serious concerns for use 

25 of plant virus vectors in the field. 

Zucchini yellow mosaic virus (ZYMV) is one of the most devastating 
diseases worldwide of cucurbit species such as cucumber, squash, melon and 
watermelon (Desbiez and Lecoq, 1997). ZYMV is a member of the potyviridae 
family, the largest group of plant-infecting viruses (Shukla et al., 1994). As in 

30 all potyviruses, the ZYMV genome consists of a single messenger-polarity RNA 
molecule of about 10 kb, encapsidated by multiple copies of a single coat 
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protein (CP) forming a flexuous filamentous particle (Gal-On et al., 1992 J. 
Gen. Virol. 73: 2183-2187.). Viral RNA is translated into a large polyprotein 
that is proteolytically processed to 8-9 functional proteins by three 
virus-encoded proteases: PI, HC-Pro and NIa (Riechmann et al., 1992, Revers 
5 et aL, 1999). The PI (Verchot et aL, 1991) and HC-Pro (Carrington et al., 1989) 
proteinases are the first and second proteins located at the N' -terminus region of 
the polyprotein and catalyze autoproteolytic cleavage at their own C'-tenninus. 
The NIa protease is responsible for cis and trans proteolytic cleavages of the 
remainder of the viral polyprotein (Carrington et al., 1988; Riechmann et al., 
10 1992). 

Theoretically, potyviruses are promising expression vectors, since their 
proteolytic processing strategy of gene expression requires that a foreign 
protein, synthesized as part of the viral polyprotein, is produced in equimolar 
amounts with all viral proteins (Riechmann et al., 1992; Revers et al., 1999). 

15 Moreover, taking into account the helicoidal morphology of viral particles, no 
packaging limitations would be expected for rather large genome insertions 
(Dolja et aL, 1992; Scholthof et aL, 1996). Expression of foreign genes by 
potyviruses has been demonstrated in tobacco etch virus (TEV) (Dolja et aL, 
1992), plum pox virus (PPV) (Guo et aL, 1998), lettuce mosaic virus (LMV) 

20 (Choi et aL, 2000; German-Retana et aL, 2000). In these studies, foreign genes 
were inserted between the PI and the HC-Pro genes, and were expressed as an 
insertional fusion with the N-terminus of the HC-Pro gene. Alternatively, a 
non-fused foreign gene expression was established by addition of the 
appropriate proteolytic cleavage sites to the ends of the foreign gene sequence 

25 (Dolja et aL, 1997; Guo et al., 1998; Choi et aL, 2000; Masuta et al., 2000). 
However, in these prior art studies, utility was limited by genetic instability of 
the constructs due to RNA recombination events that rapidly eliminated foreign 
sequences (Dolja et aL, 1993; Guo et al., 1998; Choi et aL, 2000). This appeared 
to be a serious inherent limitation of the system. 
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More recently, Masuta et al., demonstrated that a foreign gene expressed 
via clover yellow vein virus vector in legumes was genetically stable (Masuta et 
ah, 2000). However, as Masuta admits, "...the present form of the CIYVV 
vector is that it retains its ability to induce lethal necrosis of host plants". This 
disadvantage effectively renders the teachings of Masuta useless for commercial 
production of protein in edible legume crops. This problem is typical of prior 
art potyvirus vectors created to date. 

Interferon holds considerable promise as a drug in treating a number of 
medical conditions because of its therapeutic capabilities. Interferon is a 
naturally occurring protein with immuno-modulatory and anti-viral properties, 
that is produced in cultured human cells or in E. coli as a drug (reviewed by 
Walter et aL, 1998). Interferon-alpha and Interferon-beta are both Type I 
interferons. Type I interferons are a large class of naturally-occurring cytokines 
which includes over 16 subclasses of EFN-alpha, plus IFN-beta and IFN-omega. 
The Type I interferons bind to a single cell surface receptor, and stimulate a 
complex sequence of signal transduction events leading ultimately to anti-viral, 
antiproliferative and other immunomodulatory effects, cytokine induction, and 
HLA class I and class II regulation (Pestka et al., Annu. Rev. Biochem., 1987 
56: 727). Alpha interferons are used widely for the treatment of a variety of 
haematological malignancies including hairy cell leukaemia, chronic 
myelogenous leukaemia, low grade lymphomas, cutaneous T-cell lymphomas, 
and solid tumours such as renal cell carcinoma, melanoma, carcinoid tumours 
and AIDS-related Kaposi's sarcoma (Gutterman, J. U., Proc. Natl. Acad. Sci. 
USA, 1994 91: 1198-1205). Anti-tumor effects are usually seen at high dosage 
levels, often of the order of tens of millions of units of interferon-alpha, 
administered by parenteral injection. Interferon-beta is licensed for clinical use 
in treatment of relapsing-remitting multiple sclerosis and chronic viral hepatitis 
B and C. 

A commercial interferon alpha 2a (Roferon-A; see 
http ://www.rocheusa.com/products/roferon) is claimed to normalize serum 
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ALT, improve liver histology and reduce viral load in patients with chronic 
hepatitis C. The product is further indicated for the treatment of chronic 
hepatitis C, hairy cell leukemia and AIDS-related Kaposi's sarcoma in patients 
1 8 years of age or older. In addition, it is indicated for chronic phase, 
5 Philadelphia chromosome positive chronic myelogenous leukemia (CML) 
patients who are minimally pretreated (within 1 year of diagnosis). While the 
manufacturer's claims may serve to establish the need for interferon alpha, they 
do not provide a means for producing interferon, nor a means of safely 
delivering IFN without the expense and complication of purifying the drug. 

10 Although a number of routes of administration, including intravenous, 

subcutaneous, intramuscular, topical, and intralesional injection, are commonly 
employed for the administration of type I interferons, the oral route has not 
been generally used, because interferons are proteins which are considered to 
be inactivated by proteolytic enzymes. 

15 It is widely considered that in order to obtain the maximum therapeutic 

effect, the highest possible dose of interferon should be used. Although the 
availability of recombinant material has meant that very high dose levels are 
feasible, in practice it has been found that the side-effects of interferon 
administration have severely limited the dose of interferon which can be used 

20 and the duration of treatment. These side-effects include severe malaise and 
depression, leading in some cases even to suicide. A recent editorial by 
Hoofhagle in the New England Journal of Medicine has summarized these 
problems (Hoofhagle, J. H., and Lau, D., New Eng. J. Medicine 1996, 334:, 
1470-1471). Meta-analysis of the effect of interferon-alpha treatment in 

25 patients with chronic hepatitis B has shown a rate of remission of 25 to 40%, in 
patients with typical chronic hepatitis B, treated with 5 million international 
units (IU) daily or 10 million IU three times per week for 3 to 6 months. These 
results fall short of a cure, however, as most patients remain positive for 
hepatitis surface antigen and harbor viral DNA when tested by the polymerase 

30 chain reaction. Furthermore, these doses of interferon are poorly tolerated, and 
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10% to 40% of patients require dose reduction due to intolerable side effects. 
At a well-tolerated dose of 1 million IU daily, the remission rate is, however, 
only 17% (Perrillo et aL New Eng. J. Medicine, 1990, 323:, 295-301). In 
patients with chronic hepatitis C, sustained long-term improvement is 

5 associated with the loss of HCV RNA, which occurs in only 10 to 20% of 
patients treated with a dose of 3 million IU three times per week for 6 months 
(Hoofhagle and Lau, op. cit). In patients with cancer, significant response rates 
are usually seen only at the highest tolerated doses of interferon-alpha. Thus in 
patients with multiple myeloma, for example, the response rate is 50% in 

10 patients treated with 20 to 30 million IU daily, and only 15 to 20% in patients 
treated with 3 million IU. Very few patients are able, however, to tolerate the 
high-dose regimen for more than a short period of time (Ahre et al. Eur. J. 
Hematol., 1988, 41:, 123-130). Thus clearly there is a need in the art for means, 
which would enable the administration of high dose interferon without the 

15 induction of severe side-effects. 

There have been a number of anecdotal reports of efficacy of low doses 
of interferon administered as a nasal spray or as an oral liquid formulation in 
the treatment of a variety of viral conditions, particularly influenza. 
Placebo-controlled trials of relatively high dose intranasal interferon for 

20 treatment of rhinovirus infection showed that the treatment was effective, but 
that there was a significant incidence of side-effects (Hayden et al, J: Infect. 
Dis., 1983 148: 914-921; Douglas et al, New Engl. J. Med., 1986 314: 65-80; 
Hayden et al, New Engl. J. Med., 1986 314: 71-75). 

More recently a series of patent specifications has described the use of 

25 low doses of orally administered interferon of heterologous species origin for 
the treatment of infectious rhinotracheitis ("shipping fever") in cattle, and of 
feline leukaemia, and also treatment of other conditions, for enhancement of 
efficiency of vaccines; for improving the efficiency of food utilisation; and for 
prevention of bovine theileriosis. See U.S. Pat. No. 4,462,985, Australian 

30 Patent No. 608519, Australian Patent No. 583332 and U.S. Pat. No. 5,215,741 
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respectively. In addition U.S. Pat. No. 5,017,371 discloses the use of interferon 
in this way for treatment of side-effects of cancer chemotherapy or 
radiotherapy. In these specifications, the interferon used was human 
interferon-alpha prepared by the method of Cantell, administered in phosphate 
5 buffered saline, at a dose of 0.01 to 5 IU per pound body weight. While these 
specifications suggest that such low doses of interferon administered to the 
oropharyngeal mucosa, preferably in a form adapted for prolonged contact with 
the oral mucosa, may be efficacious for treatment of a wide variety of 
conditions including cancer, the experimental evidence for conditions other 

io than shipping fever, feline leukaemia, canine parvovirus and theileriosis is 
largely anecdotal. In particular, no properly controlled trials of this treatment in 
any animal model for human cancers are presented. 

More recent studies on the effects of very low doses of interferon 
administered by the oral or oropharyngeal mucosa have been reviewed (Bocci, 

15 Clin. Pharmacokinet., 1991 21: 411-417; Critic. Rev. Therap. Drug Carrier 
Systems, 1992 9: 91-133; Cummins and Georgiades, Archivum Immun. 
Therap. Exp., 1993 41: 169-172). It has been proposed that this type of 
treatment is particularly useful for treatment of HIV infection, and can at least 
improve quality of life in AIDS patients (Kaiser et al, AIDS, 1992 6: 563-569; 

20 Koech et al, Mol. Biol. Ther., 1990 2: 91-95). However, other reports indicate 
that such treatments provide no clinical benefit. A Phase I study of use of oral 
lozenges containing low doses of interferon for treatment of hepatitis B has also 
been reported (Zielinska et al, Archiv. Immunol. Therap. Exp., 1993 41: 
241-252). 

25 United States patent 6,207,145 to Tovey teaches high dose oro-mucosal 

administration of interferon. Teaching of this patent do not include means of 
manufacturing the interferon, nor of purifying the interferon from, for example, 
a culture of E. coll 

A series of United States patent applications f5.817.307 : 5,824.300 : 

30 5.830.456 : 5.846.526 : 5.882.640 : 5.910.304 and 6.036.949^ deal with various 
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uses of orally administered interferon. The teachings of United States patent 
5,817,307 are limited to saliva soluble solid dosage forms of interferon. The 
teachings of United States patents 5,824,300 ; 5,830,456 : 5,846,526 and 
5,882,640 are similarly limited. This is because the prior art teaches that the 
5 environment in the mammalian digestive tract renders interferon inactive. Thus, 
these patents teach against delivery of interferon in the digestive tract, for 
example as a saliva insoluble plant cell containing interferon within the 
cellulose wall of a plant cell. The teachings of United States patent 5,910,304 
require the administration of interferon in solution. The teachings of United 

10 States patent 6,036,949 require that the interferon be administered in a 
"pharmaceutical^ acceptable" solid or liquid form. Saliva solubility is again 
taught. None of these patents teach administration of interferon without the need 
for purifying the drug and "formulating" it in a controlled fashion. Therefore, 
all of these teachings require expensive industrial manufacturing processes, in 

15 stark contrast to the invention claimed herein. 

Current production techniques are ill suited to meet the demand for 
interferon in treating these prevalent diseases. In addition, purification of 
interferon from cultured cells makes the cost of interferon treatment high. 
Further, much of the commercially available interferon currently available is in 

20 injectable form. U.S. Pat No. 5,766,885 to Carrington et al. teaches potyvirus 
vectors for expression of foreign genes. Carrington specifically teaches "A 
method for expressing at least one protein in a plant or plant cell, said method 
comprising infecting a plant or plant cell susceptible to a polyprotein-producing 
potyvirus with said potyvirus, expressing said potyvirus to produce said 

25 polyprotein, wherein said potyvirus codes for at least one protein non-native to 
the potyvirus and wherein said non-native protein is released from said 
polyprotein by proteolytic processing." However, these teachings contain 
neither a hint nor a suggestion that such a non-native protein would be orally 
bio-available. 
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Further, the teachings of Carrington include hypothetical production of 
insulin, hGH, interleukin, EPO, G-CSF, GM-CSF, hPG-CSF, M-CSF, Factor 
VIII, Factor IX, and tPA although no enabling support is provided in the 
specification thereof. Because of the potent biological activity of these 

5 compounds, it is not clear from the reporter gene examples used by Carrington 
whether production of pharmaceuticals in plants is feasible at all. Carrington 
himself (example 3) characterizes his claim for insulin production as 
"prophetic". Such a teaching constitutes an admission by the inventor that the 
invention was not in hand at the time of filing. 

10 There is currently much interest in developing additional uses for orally 

administered interferon (Bocci 1999; Cummins et aL, 1999; Fleischmann et al., 
1999; Ship et aL, 1999 and Tompkins, 1999). This interest heightens the 
importance of the disclosed invention in providing a viable means for 
production and supply of orally bio-available interferon. 

15 There is thus a widely recognized need for, and it would be highly 

advantageous to have, systems and methods for providing supplemental 
interferon, and other orally bio-available proteins, to a subject, devoid of the 
above limitations. 

20 SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is provided a 
system for providing supplemental interferon to a subject. The system 
includes: (a) a viral vector, the vector designed and constructed to be 
capable of infecting a plant and expressing at least a portion of an interferon 

25 gene therein and (b) the plant, at least a portion of the plant being edible by 
the subject. The gene product of the at least a portion of an interferon gene 
is bio-available to the subject consuming the at least a portion of said plant. 

According to another aspect of the present invention there is provided a 
system for providing supplemental interferon to a subject. The system 

30 includes: (a) a DNA sequence designed and constructed to be capable of 
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expressing at least a portion of an interferon gene in a plant; and (b) the plant, 
at least a portion of the plant being edible by the subject and the plant 
susceptible to transformation by the DNA sequence. The gene product of the 
at least a portion of an interferon gene is bioavailable to the subject consuming 
5 the at least a portion of said plant. 

According to yet another aspect of the present invention there is 
provided a method for providing supplemental interferon to a subject. The 
method includes the steps of: (a) causing a plant to express at least a portion of 
an interferon gene in at least some cells thereof; and (b) feeding at least a 
10 portion of the plant to the subject. 

According to still another aspect of the present invention there is 
provided a method for providing an orally bio-available protein to a subject. 
The method includes the steps of: (a) causing a plant to express at least a 
portion of the orally bio-available protein in at least some cells thereof; and (b) 
15 feeding at least a portion of the plant to the subject. 

According to further features in preferred embodiments of the 
invention described below, the viral vector is a potyvirus vector. 

According to still further features in the described preferred 
embodiments the potyvirus is zucchini yellow mosaic virus (ZYMV). 
20 According to still further features in the described preferred 

embodiments the ZYMV is an attenuated strain containing a mutation as listed 
in SEQ ID NOs. : 7 and 8. 

According to still further features in the described preferred 
embodiments the at least a portion of an interferon gene includes a mammalian 
25 interferon gene sequence. 

According to still further features in the described preferred 
embodiments the mammalian interferon gene sequence includes at least a 
portion of a human interferon gene sequence. 
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According to still further features in the described preferred 
embodiments the human interferon gene sequence is selected from the group 
consisting of interferon alpha 2a (SEQ ID NO.: 1) 

and any gene at least 85% homologous thereto as analyzed by the FastA 
5 program. The FASTA program family (FastA, TFastA, FastX, TFastX, and 
SSearch) was written by Professor William Pearson of the University of 
Virginia Department of Biochemistry (Pearson and Lipman, Proc. Natl. Acad. 
Sci., USA 85; 2444-2448 (1988)). In collaboration with Dr. Pearson, the 
programs were modified and documented for distribution with GCG Version 
10 6.1 by Mary Schultz and Irv Edelman, and for Versions 8 through 10 by Sue 
Olson. As used herein "analyzed by the FastA program" indicates analysis 
using default parameters of the program as currently specified. 

According to still further features in the described preferred 
embodiments the vector expresses at least a portion of a protein selected from 
15 the group consisting of the interferon alpha 2a gene product (SEQ ID NO.: 2) 
and any protein at least 85% homologous thereto as analyzed by the FastA 
program. 

According to still further features in the described preferred 
embodiments transmissibility of the viral vector from the plant to a second 
20 plant is prevented by a mutation in the viral vector. 

According to still further features in the described preferred 
embodiments the system further includes a means for introducing the DNA 
sequence into at least one cell of the plant, thereby transforming the cell. 

According to still further features in the described preferred 
25 embodiments the DNA sequence includes a left border and a right border of 
the agrobacterium T-DNA. 

According to still further features in the described preferred 
embodiments the step of causing is accomplished by an action selected from the 
group consisting of: (i) infecting at least one cell of the plant with a viral 
30 vector, the viral vector designed and constructed to be capable of expressing at 
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least a portion of an interferon gene therein; and (ii) transforming at least one 
cell of the plant with a DNA sequence designed and constructed to be capable 
of expressing at least a portion of an interferon gene therein. 
According to still further features in the described preferred embodiments 
5 the step of causing is accomplished by an action selected from the group 
consisting of: (i) infecting at least one cell of the plant with a viral vector, 
the viral vector designed and constructed to be capable of expressing at least 
a portion of a gene encoding the orally bio-available protein therein; and 
(ii) transforming at least one cell of the plant with a DNA sequence 

10 designed and constructed to be capable of expressing at least a portion of a 
gene encoding the orally bio-available protein therein. 

According to still further features in the described preferred 
embodiments the human interferon gene sequence is selected from the 
group consisting of interferon beta (SEQ ID NO.: 11) of interferon gamma 

15 (SEQ ID NO.: 13) and any gene at least 85% homologous to either of the 
interferon genes as analyzed by the FastA program. 

According to still further features in the described preferred 
embodiments the vector expresses at least a portion of a protein selected 
from the group consisting of the interferon beta gene product (SEQ ID NO.: 

20 12), the interferon gamma gene product (SEQ ID NO.: 14) and any protein 
at least 85% homologous to either of the interferon gene products as 
analyzed by the FastA program. 

The present invention successfully addresses the shortcomings of the 
presently known configurations by providing systems and methods .of 

25 providing supplemental interferon, or other orally bio-available proteins, to 
a subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 
30 reference to the accompanying drawings and photographs. With specific 
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reference now to the figures in detail, it is stressed that the particulars 
shown are by way of example and for purposes of illustrative discussion 
of the preferred embodiments of the present invention only, and are 
presented in the cause of providing what is believed to be the most useful 

5 and readily understood description of the principles and conceptual 
aspects of the invention. In this regard, no attempt is made to show 
structural details of the invention in more detail than is necessary for a 
fundamental understanding of the invention, the description taken with 
the drawings making apparent to those skilled in the art how the several 

10 forms of the invention may be embodied in practice. 
In the drawings: 

Figures 1 A and B depict a viral vector for use in conjunction with a 
system according to the present invention; 

Figures 2 A and B illustrate stability and accumulation of 
15 recombinant AGII in plants by means of an immunoblot and histogram; 

Figures 3 A-D illustrate that AGH-interferon alpha-2a (AGH-IFN) 
does not affect cucumber development or yield, and is stable in planta by 
means of photographs, histograms and an RT PCR analysis; 

Figures 4 A-C illustrate AGII-IFN-mediated synthesis of IFN in 
20 squash and cucumber leaves by means of histograms and an immunoblot; 

Figures 5 A-D illustrate AGIMFN mediated synthesis of IFN in 
squash and cucumber fruits and fruit parts as histograms; and 

Figures 6 A-H illustrate expression of foreign proteins in various 
plant parts via AGII vector. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of systems and methods for providing 
supplemental interferon to a subject. Specifically, the present invention can 
be used to deliver interferon orally as a portion of an edible plant, for 
30 example a cucurbit fruit such as cucumber, squash or melon. The present 
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invention further relates to a general method for providing an orally 
bio-available protein to a subject. 

The principles and operation of systems and methods for providing 
supplemental interferon (and other orally bio-available proteins) according 

5 to the present invention may be better understood with reference to the 
drawings and accompanying descriptions. 

Before explaining at least one embodiment of the invention in detail, 
it is to be understood that the invention is not limited in its application to the 
details of construction and the arrangement of the components set forth in 

10 the following description or illustrated in the drawings. The invention is 
capable of other embodiments or of being practiced or carried out in various 
ways. Also, it is to be understood that the phraseology and terminology 
employed herein is for the purpose of description and should not be 
regarded as limiting. 

15 The present invention is embodied in part by a system for providing 

supplemental interferon to a subject. Referring now to the drawings, Figures 
1 A and B illustrate a viral vector for use as part of a system according to the 
present invention. Specifically, the AGE strain of ZYMV with IFN gene 
inserted into its genome is illustrated. Figure 1 A is a schematic presentation 

20 of the AGII genome. AGE non-coding (hatched shading), and coding (open 
boxes) regions including the inserted foreign gene (FG) are shown. Arrows 
indicate NIa protease involved in proteolysis of foreign gene product. NIa 
cleavage sites are indicated by /. Restriction enzyme sites used for 
sub-cloning are indicated. Nucleotides specifying restriction endonuclease 

25 recognition sites, inserted to create the polylinker and their encoded amino 
acid residues are indicated in bold in Figure IB. Insertion of interferon gene 
occurs between the Nib and CP genes. Amino acid sequence is indicated by 
italics. 

The viral vector of the system is designed and constructed to be 
30 capable of infecting a plant, expressing at least a portion of an interferon 
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gene therein. Therefore, the gene product of the at least a portion of an 
interferon gene is bio-available to the subject consuming the at least a 
portion of said plant. Delivery may be effected, for example, using what is 
commonly referred to as a "gene gun" by those ordinarily skilled in the art. 
5 Preferably, the viral vector is a potyvirus vector, more preferably the 
potyvirus is zucchini yellow mosaic virus (ZYMV), more preferably still the 
ZYMV is an attenuated strain, for example one containing a mutation as 
listed in SEQ ID NOs.: 7 and 8, the ZYMV-AGII engineered strain. 

The at least a portion of an interferon gene may include a 

io mammalian interferon gene sequence or a recombinant interferon gene 
derived from a combination of naturally occurring interferon genes. The 
mammalian interferon gene sequence may include, for example, at least a 
portion of a human interferon gene sequence including, but not limited to, 
interferon alpha 2a (SEQ ID NO.: 1). Alternately, or additionally, the 

15 mammalian interferon gene may include at least a portion of a gene at least 
85% homologous to the interferon 2 alpha gene as analyzed by the FastA 
program. 

Alternately, or additionally, the human interferon gene sequence may 
be an interferon beta, for example SEQ ID NO.: 1 1 or an interferon gamma, 
20 for example, SEQ ID NO.: 13 or any gene at least 85% homologous to 
either of these interferon genes as analyzed by the FastA program. 

Alternately, or additionally, the vector may express at least a portion 
of an interferon beta gene product, for example, SEQ ID NO.: 12, or an 
interferon gamma gene product, for example, SEQ ID NO.: 14 or any 
25 protein at least 85% homologous to either of these interferon gene products 
as analyzed by the FastA program. 

Once it has been delivered to the plant, the vector expresses at least a 
portion of a protein including, but not limited to, the interferon alpha 2a 
gene product (SEQ ID NO.: 2) or any protein at least 85% homologous 
30 thereto as analyzed by the FastA program. FastA may be implemented, for 
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example, as part of the BLAST or GCG program packages. BLAST and 
FastA are services offered by the NCBI of the National library of Medicine 
of the National Institutes of Health. Both are accessible via the Internet, 
and one ordinarily skilled in the art of molecular biology will be familiar 

5 with access and use thereof. 

Because of environmental concerns, it is preferable that 
transmissibility of the viral vector from the plant to a second plant is 
prevented by a mutation therein. 

The system of the present invention further includes the plant, at 

10 least a portion of which is edible by the subject. 

The present invention is further embodied by a system for providing 
supplemental interferon to a subject. The system includes a DNA sequence 
designed and constructed to be capable of expressing at least a portion of an 
interferon gene in a plant. The interferon gene is as described hereinabove. 

15 The system further includes the plant, at least a portion of which is edible by 
the subject. According to this system, the plant is susceptible to transformation 
by the DNA sequence. Preferably, the system further includes a means for 
introducing the DNA sequence into at least one cell of the plant, thereby 
transforming the cell. These means may include, for example, what is 

20 commonly referred to as permanent or transient "agrobacterium mediated 
transformation" or use of what is commonly referred to as a "gene gun" by 
those ordinarily skilled in the art of plant transformation. 

Further, the DNA sequence itself may include portions designed to 
facilitate genetic transformation of plant cells. These portions may include, for 

25 example, a left border and a right border of the agrobacterium T plasmid. 

The present invention is further embodied by a method for providing 
supplemental interferon to a subject. The method includes the step of causing a 
plant to express at least a portion of an interferon gene in at least some cells 
thereof. For purposes of this specification and the accompanying claims, the 

30 phrase "at least some cells thereof 5 refers to cells found within a plant, seeds 
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thereof, and tissue culture cells derived therefrom. The method further includes 
the step of feeding at least a portion of the plant to the subject. The interferon 
is as described hereinabove. It will be appreciated that the step of causing may 
be accomplished in a wide variety of ways. 
5 For example, "causing" may include infecting at least one cell of the 

plant with a viral vector. In this case, the viral vector is designed and 
constructed to be capable of expressing at least a portion of an interferon gene 
within the infected cell. Preferably the vector is further designed and 
constructed to cause assembly of virions, which infect adjacent cells. More 
10 preferably, delivery to a single cell of the plant results in systemic infection of 
the plant. 

Alternately, "causing" may include transforming at least one cell of the 
plant with a DNA sequence designed and constructed to be capable of 
expressing at least a portion of an interferon gene therein. Such a 
15 transformation may be either a somatic cell transformation or a germ line 
transformation. 

The present invention is further embodied by a method for providing 
an orally bio-available protein to a subject. The method includes the step of 
causing a plant to express at least a portion of the orally bio-available 
20 protein in at least some cells thereof. The method further includes the step 
of feeding at least a portion of the plant to the subject. The step of causing 
may be affected in a variety of ways, as detailed hereinabove for interferon, 
which is an example of an orally bio-available protein. 

Methods disclosed herein represent a significant improvement upon the 
25 prior art because they do not require purification of interferon or other orally 
bio-available proteins from the plant. 

The phrase "feeding at least a portion of the plant" as used in this 
specification and the accompanying claims should be construed in its 
broadest possible sense. Feeding may involve, for example, administration 
30 of fresh plant parts, dried plant parts, lyophilized plant parts, ground plant 
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parts, powdered plant parts, juice extracted from plant parts, preserved (e.g. 
pickled or jellied) plant parts or plant parts subjected to any combination of 
processes including one of these processes. 

Additional objects, advantages, and novel features of the present 
5 invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be 
limiting. Additionally, each of the various embodiments and aspects of the 
present invention as delineated hereinabove and as claimed in the claims 
section below finds experimental support in the following examples. 

10 Results detailed herein below in the examples section provide evidence 

that AGII can mediate the synthesis of a biologically active Interferon-alpha 2a 
in edible cucurbit fruit and leaves. Specifically, the highest activity of 
Interferon-alpha 2a was measured in cucumber and squash leaves (430,000 
IU/gFW). This activity is similar to the interferon 2delta activity obtained in 

15 turnip when CaMV was used as a DNA virus vector (De Zoeten et aL, 1989), 
and is equivalent to about 2 fxg/gFW of active protein. 

As AGE virus is not pathogenic, the amount and quality of fruit produced 
by AGII-interferon alpha 2a (AGII-IFN) infected cucumber plants was 
comparable to those of fruit from virus-free plants (Figure 3 A). Consistent with 

20 GFP expression in the fruits, IFN-2a activity measured in squash and cucumber 
was concentrated mainly in fruit embryonic tissue. Accumulation of AGII-IFN 
virions in fruits is a result of foreign gene expression mediated by viral 
replication and spread. 

The activity of IFN-2a in cucumber leaves varied in accordance with the 

25 leaf developmental stage. In fully expanded leaves, weighing more than 10 g, 
. the IFN-2a activity had declined while virus accumulation remained stable. This 
miscorrelation between AGII-IFN virion accumulation and foreign gene 
expression levels was probably due to a decrease of virus replication in mature 
tissue, together with a relatively turnover of interferon alpha-2a compared with 

30 the stability of the virion. The addition of seven amino acids at the carboxyl 
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terminus of the IFN-2a in the AGII expression system did not affect its activity 
as, confirming the earlier observation of Petska that addition of amino acid 
residues to the termini of interferon did not affect its activity (Pestka et al. 5 
1987). It is noteworthy that no IFN activity was lost when plant tissue was 
5 lyophilized. 

Because orally administrated interferon was recently shown to be an 
efficient drug in animals (Marcus et al., 1999) and humans (Cummins et al., 
1999), interferon, which is expressed in cucurbit fruit, may be administered 
orally to treat patients. 

10 In summary, the present invention demonstrates the feasibility of using a 
potyvirus, for example the engineered attenuated AGII strain of ZYMV as 
an expression vector in cucurbits. 

Thus, the primary advantage of the present invention, with respect to 
prior art is that the disclosed invention allows a significant reduction in the 

15 cost of production of interferon by eliminating the need for purification. 
Although in some cases edible plant parts may be subjected to simple 
processes such as grinding and drying to produce, for example, freeze dried 
fruit powder, the simplest embodiment of the invention involves giving the 
subject fresh produce to eat. In fact, distribution of plants to patients is 

20 within the scope of the claimed invention. Thus, according to its simplest 
embodiment, the present invention eliminates not only purification costs, 
but greatly reduces distribution, storage, shipping and packaging costs as 
well. 

Further, the system and method of the present invention serve, to a 
25 large degree to eliminate concerns regarding toxic contaminants in the 
interferon preparation. This stems from the fact that, since the interferon is 
not prepared in bacteria, it is unlikely that bacterial toxins will be introduced 
during the manufacturing process. Similarly, there is no danger of 
introduction of human pathogens during the manufacturing process because 
30 human cell cultures are not employed. Thus, concerns about residual 
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antibiotics, artificial preservatives and cell culture additives are also 
eliminated by practice of the present invention. 

The present invention has all the inherent advantages of prior art oral 
administration methods including ease and comfort of administration. 

5 These factors make self-administration more acceptable to patients. Further, 
the plant cell wall can provide a slow release effect in vivo (Walmsley and 
Arntzen, 2000), perhaps making the present invention more suitable for use 
in certain clinical applications, for example Hepatitis C . The plant cell wall 
makes the present invention "saliva insoluble", thereby differentiating it 

10 from the prior art. It is believed that the interferon of the present invention 
is protected from protease activity in the digestion system. As a result, the 
interferon is available for subsequent absorption in the gut wall, a 
possibility which is typically ruled out by prior art teachings. 

Further, lyophilized plant material should be stable at room 

15 temperature without degradation of interferon contained therein. This 
serves to break the "cold chain" of transportation and storage, further 
reducing the final cost of each unit of delivered interferon. Further, this 
capacity for distribution without refrigeration makes practice of the present 
invention more feasible in less developed areas of the world. Such a 

20 consideration is crucial, for example in treatment of HCV and HIV. 

Many proteins expressed in plant-virus systems in the prior art have 
proven to be unstable. Interferon alpha-2a, by contrast, has proven to be 
exceptionally stable. 

The present invention offers several additional advantages relative to 

25 known plant bio-reactor systems. Yield is good because the vector is benign 
with respect to the host plant. Non-transmissibility by the natural aphid 
vector is easily achieved. The foreign gene, because it is not incorporated 
into the germ line of the plant, is not transmissible in seeds or pollen of the 
infected plant. In addition, transgenic plants require a significant 

30 development time due to requirements for screening and propagation. The 
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present invention is free of this limit Further, the present invention does 
not require delivery of viral RNA, relying instead upon delivery of a cDNA 
vector. This serves to significantly reduce the chance of accidental delivery 
to a plant because the cDNA expression vector is not an infectious virus . 

5 

EXAMPLES 

Reference is now made to the following examples, which together 
with the above descriptions, illustrate the invention in a non limiting 
io fashion. 

Generally, the nomenclature used herein and the laboratory 
procedures utilized in the present invention include molecular, biochemical, 
microbiological and recombinant DNA techniques. Such techniques are 
thoroughly explained in the literature. See, for example, "Molecular 

15 Cloning: A laboratory Manual" Sambrook et aL, (1989); "Current Protocols 
in Molecular Biology" Volumes I-HI Ausubel, R. M., ed. (1994); Ausubel et 
aL, "Current Protocols in Molecular Biology", John Wiley and Sons, 
Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular 
Cloning", John Wiley & Sons, New York (1988); Watson et aL, 

20 "Recombinant DNA", Scientific American Books, New York; Birren et aL 
(eds) "Genome Analysis: A Laboratory Manual Series", Vols. 1-4, Cold 
Spring Harbor Laboratory Press, New York (1998); methodologies as set 
forth in U.S. Pat Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and 
5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-]H Cellis, J. 

25 R, ed. (1994); "Culture of Animal Cells - A Manual of Basic Technique" by 
Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in 
Immunology" Volumes I-III Coligan J. E., ed. (1994); Stites et aL (eds), 
"Basic and Clinical Immunology" (8th Edition), Appleton & Lange, 
Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in 

30 Cellular Immunology", W. H. Freeman and Co., New York (1980); 
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available immunoassays are extensively described in the patent and 
scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 
3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 
5 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, ML J., ed. 

(1984) ; '"Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., eds. 

(1985) ; "Transcription and Translation" Hames, B. D., and Higgins S. J., 
eds. (1984); "Animal Cell Culture" Freshney, R. L, ed. (1986); 
"Immobilized Cells and Enzymes" IRL Press, (1986); "A Practical Guide to 

10 Molecular Cloning" Perbal, B., (1984) and "Methods in Enzymology" Vol. 
1-317, Academic Press; "PGR Protocols: A Guide To Methods And 
Applications", Academic Press, San Diego, CA (1990); Marshak et al., 
"Strategies for Protein Purification and Characterization - A Laboratory 
Course Manual" CSHL Press (1996); "Using Antibodies: A Laboratory 

15 Manual" (Ed Harlow,David Lane eds., Cold Spring Harbor Laboratory 
Press (1999))all of which are incorpotaed by reference as if folly set forth 
herein. Other general references are provided throughout this document. 
The procedures therein are believed to be well known in the art and are 
provided for the convenience of the reader. All the information contained 

20 therein is incorporated herein by reference. 

Additionally, the following methods were employed in performance of 
experiments described in examples presented hereinbelow: 
Construction of a non-aphid-transmissible AG 

The aphid non-transmissible mutation was introduced in two steps. First, 

25 a PstI site was introduced in the NIa protease motif (pTVMLQ) within the Nib 
gene, between the encoding sequences of Leu and Glu (LQ), by site-directed 
mutagenesis on AG (Gal-On, 2000), with the partial clone pKS?sacI22 
(7515-9591) used as a template. The resulting mutant clone was designated 
pKS? Sacl-Pstl. A nucleotide change, altering coat protein (CP) residue Ala 9 to 

30 Thr, was then introduced by PCR on pKS? Sacl-Pstl as a template with an 
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appropriate sense oligonucleotide 

5 5 ATGCTGCAGTCAGGCACTCAGCCAACTGTGGCAGATACTGGAGCT- 
3 5 containing the nucleotide change (bold). The mutated pKS? SacI-PstI 
Sacl-Mlul fragment was then introduced into Sacl-Mlul sites of AG to create 
5 AGL 

Consfruction of a zene insertion cassette between Nib and CP 

A polylinker containing the restriction sites (Pstl, Seal, Spel, NJtel and 
SaR) with the NIa protease sequence (bold) was cloned by PCR with the 
10 oligonuclotide 

5 ' C AGCTGCAGAGT ACT AGTGCT AGCGTCGAC ACTGTGATGCTCC A 
A -3' on pKS? SacI-PstI used as a template. The PCR product was digested with 
Pstl andXbal (position 9461) and introduced into the appropriate sites within 
the pKS? SacI-PstI clone to create pKS? SacI-Pstl-poly. pKS? SacI-Pstl-poly 
15 Sacl-Mlul fragment was then introduced into Sacl-Mlul sites of AGI to create 
AGIL 

Insertion of jellyfish green fluorescent protein (GFP). uidA 
(beta-glucuronidase: GUS) zenes into the AGII zenome 

20 The coding region of GFP (SEQ ID NO.: 15) was amplified by PCR, 

using sense and antisense oligonucleotides (SEQ ID Nos.; 17 and 18) that were 
both flanked by Pstl sites. The amplified fragments were digested by Pstl and 
cloned into the partial clone pKSASacI-Pstl-poly. A similar cloning strategy was 
used for uidA (SEQ ID NO.: 16) using sense and antisense oligonucleotides 

25 (SEQ ID Nos.; 19 and 20), except that the antisense primer contained a flanking 
Sail site instead of Pstl. Amplified PCR fragments were then digested by Pstl 
and Sail and cloned into pKSASacI-Pstl-poly. For all genes, 
pKSASacI-Pstl-poly clones were double-digested by Sacl/Mlul, and the 
resulting fragment containing the foreign gene was cloned into AGE genome to 

30 create AGH-GFP and AGH-GUS. 
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Insertion of human interferon-alpha 2a (IFN-2a) genes into the AGII genome 

The coding region of IFN (SEQ ID NO.: 1) and CMV-CP were amplified 
by PCR, using sense and antisense oligonucleotides (SEQ ID Nos.: 3 ands 4) 
5 that were both flanked by Sail sites. The amplified fragments were digested by 
Sail and cloned into the partial clone pKS? Sad- Sail -poly. Amplified PCR 
fragments were then digested by Sail and cloned into pKS? Sad- Sail -poly. For 
all genes, pKS? SacI- Sail -poly clones were double-digested by Sacl/Mlul, and 
the resulting fragment containing the IFN gene was cloned into AGII genome to 
10 create AGII-IFN. 

Plant growth, inoculation and symptom evaluation 

Commercial cultivars of squash (Cucurbita pepo L. cv. Ma'ayan) and 
cucumber (Cucumis sativus L. cv. Delila and cv. Muhasan) plants were grown 

is in a growth chamber under continuous light at 23 degrees °C. For test under 
industrial conditions, plants were grown in 20-1 pails with automatic irrigation 
and fertilization, in an insect-proof net-house. Seedlings were selected for 
experimental use when the cotyledons were fully expanded. Particle 
bombardment inoculation was performed with a handheld device, the handgun, 

20 with plasmid containing virus cDNA under the control of the cauliflower 
mosaic virus 35S promoter (Gal-On et al., 1997). Mild virus symptoms would 
be observable only in squash, as the AGII virus is symptomless on other 
cucurbits, therefore, it was chosen for testing the infectivity of various viral 
constructs. After bombardment or mechanical inoculation, squash seedlings 

25 were grown and examined daily for symptom development, and the first 
appearance of symptoms was recorded. 

RT-PCR analysis of recombinant virus progeny 

RT-PCR of viral progeny was conducted in a one-tube single-step 
30 method modified from Sellner et al. (1992). A 50-microliter volume was used 
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containing the polylinker flanking primers 

5 '-AGCTCC ATACATAGCTGAGACA-3 ' and 
5 '-TGGTTGAACCAAGAGGCGAA-3 5 (SEQ ID NOs.: 5 and 6) in the 
following mixture: 1.5mM MgCl 2 ; 125 fiM dNTPs; IX Sellner buffer: [10X 

5 Sellner buffer contains: 670 mM Tris-HCl; 170 mM (NH4) 2 S0 4 ; 10 mM 
beta-mercapto-ethanol; 2 mg/ml gelatin (Aldrich, calf skin 225 bloom); 60 \xM 
EDTA pH 8.0 (Sellner et al., 1992)]; 100 ng of each specific primer; 2 units of 
Taq polymerase; 5 units of AMV-RT (Chimerex USA); 2-5 |ng total RNA. 
RT-PCR cycles were as follows: 46 degrees C 30 min; 94 degrees C 2 min, 

io followed by 33 cycles at 94 degrees C, 60 degrees C and 72 degrees C, each of 
30 s., and a final cycle of 5 min at 72 degrees C. 

ELISA assays for evaluation of viral titer 

Infected plant material was subjected to enzyme-linked immunosorbent 
15 assay (ELISA) with anti-ZYMV CP polyclonal antibody, as described 
previously by Antignus et al. (1989). The quantity of AGII-IFN was estimated 
by checking against a known amount of purified AGE virion in the ELISA 
plate. 

20 IFN activity? asscc\> and immunoblot analysis 

Plant tissue was collected, frozen in liquid N 2 and lyophilized for 24 
h. Lyophilized tissue was ground by pestle and mortar and extracted in PBS 
with a ratio of 1:1-1.5 (dry weight tissue/per unit volume of PBS). One 
milliter of the homogenate was centrifuged for 10 min at 10,000 g in an 

25 Eppendorf minifiige, and the supernatant was used for ELISA, immunoblot 
analysis and interferon activity assay. IFN activity was assayed in 96-well 
microtiter plates by the inhibition of vesicular stomatitis virus cytopathic 
effect on human Wish (ATCC CCL-25) cells, as described previously 
(Rubinstein et al., 1981). Calibration standards of IFN were included in 

30 every plate. IFN activity was expressed in international units per milliliter 
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(IU/ml), 2x1 0 8 IU are equivalent to 1 mg IFN. For immunoblot (ECL, 
Amersham-Pharmacia Biotech, UK), extracts were separated on 15% 
SDS-PAGE and immunoblotted with an anti-IFN polyclonal antibody at 
1:1000 dilution. 

5 

Assays of impact of an administered therapeutic agent on colitis in a mouse 
model 

An established mouse colitis model (Gotsman et al., 2001) was used to 
assess the effect of orally administered IFN from edible plant parts prepared 
10 according to the present invention. 

Preparation of plants parts containing interferon for oral administration 

Squash plants (cv. Guliver) were inoculated with a ZYMV-AGII-IFN 
cDNA at the seedling stage (4 days post emergence). Verification of infection 

15 was determined for each plant two weeks post infection by a DAS-ELISA with 
specific anti-ZYMV antibodies. Each plant was tested for interferon alpha 
biological activity 3 weeks post infection by a standard interferon alpha assay. 
Fruits were collected from AGII-IFN infected plants and AGII infected plants 
as a negative control 38 days after planting. Picked fruit was washed carefully, 

20 sliced, freeze-dried, and ground to a homogeneous powder. Powder was then 
extracted with phosphate saline buffer in a ratio of 1/7.6 (w/v) and the soluble 
fraction was collected and tested for its interferon alpha biological activity. 
Activity of 120,000 IU/ml interferon alpha was obtained. Similar procedure 
was done for negative control fruit. All interferon assays employed the National 

25 Institute of Health interferon alpha as a standard for activity. 

Mice experimental groups 

Five groups of mice (n=10) were studied. Mice from groups B, C, and D 
received orally either extract made from squash fruit expressing human 
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interferon alpha 2a (1.875xl0 6 IFN IU/kg/dose) or from negative control 
squash (0 IFN IU/kg/dose) fruit extract, every day for 14 days. 

Clinical assessment of colitis and Macroscopic score of colitis 
5 Diarrhea of mice was followed daily throughout the study. Colitis 

assessment was performed 10 days after colitis induction using standard 
parameters. Namely, mice were sacrificed and colon was removed. The 
percentage of the total colonic wall appearing injured and colon weight were 
recorded. Further, degree of colonic ulcerations; intestine and peritoneal 
10 adhesions; wall thickness; and degree of mucosal edema were assessed (Ilan et 
al., 2000). Each parameter was blindly graded on a scale from 0 (completely 
normal) to 4 (most severe) by two experienced examiners. 

Grading of histological lesions 

15 For histological evaluation of inflammation, distal colonic tissue (last 

10 cm) was removed and fixed in 10% formaldehyde. Five paraffin sections 
from each mouse were then stained with hematoxylin-eosin according to 
standard techniques. The degree of inflammation on microscopic cross sections 
of the colon was be graded semiquantitatively from 0 to 4 (Ilan et al., 2000) 

20 (Grade 0: normal with no signs of inflammation; Grade 1: very low level of 
leukocyte infiltration; Grade 2: low level of leukocyte infiltration; Grade 3: 
high level of infiltration with high vascular density, and thickening of the bowel 
wall; and Grade 4: transmural infiltrates with loss of goblet cells, high vascular 
density, wall thickening, and disruption of normal bowel architecture.) Grading 

25 was performed blindly by two experienced pathologists. 
Cytokines 

Cytokines were measured in the serum by ELISA for IL4, BL10, IL12, 
and IFN gamma using Genzyme Diagnostics kits (Genzyme Diagnostics, 
Boston, MA, USA) according to manufacturer's instructions. Serum levels 
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were measured in all mice from all groups 14 days after starting the oral 
administration. 



Example 1: 

5 Engineering AG to be an aphid non-transmissible virus 

ZYMV, like other potyviruses, is naturally transmitted by aphids in a 
non-persistent manner (Desbiez and Lecoq, 1997). It has been shown that the 
CP Asp 8 Ala 9 Gly 10 (DAG) motif is involved in transmission of ZYMV by 
aphids, and that mutation of alanine to threonine abolishes ZYMV transmission 

10 by aphids (Gal-On et al. 5 1992). A site-directed mutagenesis was performed to 
switch Ala 9 residue to Thr (SEQ ID NOs.: 9 and 10) in the DAG motif of the 
AG CP, and the resultant mutant virus was designated AGI . Inoculation of AGI 
cDNA to squash plants resulted in infection indistinguishable from that caused 
by AG. The Ala-to-Thr alteration in the AGI progeny virus was verified by 

15 RT-PCR and sequencing. An aphid transmission assay (Antignus et aL, 1989) 
demonstrated that the AGI could not be transmitted by aphids, and this 
characteristic remained stable for prolonged propagation and several 
plant-to-plant mechanical inoculation passages. Based upon these encouraging 
results, AGI became the basis for further manipulation as detailed in 

20 hereinabove and used in example 2. 



Example 2: 

Expression of reporter genes via AGII vector in various cucurbits tissues 

including the edible fruit 

25 To study AGII spread and localization of the expressed foreign protein in 

different organs, the bacterial uidA and jellyfish GFP genes were inserted into 
the Nib-CP site (Fig. IB). Essentially 100% of squash plants inoculated by 
particle bombardment with the recombinant cDNA corresponding to AGH-GFP 
and AGII-GUS became infected. Typical vein clearing and mild mosaic 
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symptoms appeared in AGII-GFP infected squash 5-7 dpi. For AGH-GUS, a 4-d 
delay of symptom appearance was observed. 

To follow the localization of foreign proteins expressed through the AGE 
virus vector, squash and cucumber seedlings were inoculated with AGH-GUS 

5 and AGII-GFP, respectively. AGH-GUS-infected squash was analyzed for GUS 
activity 15 dpi, and GUS staining was observed in leaves, stems and roots (Fig. 
6A-D). Distribution of GUS staining was not uniform in infected leaves, and 
staining concentrated around the major veins and neighboring cell clusters (Fig. 
6A). Stems showed uniform staining, concentrated around the vascular tissue 

io (Fig. 6B-C). Interestingly, strong GUS staining was detected in adventives (Fig. 
6C) and lateral roots (Fig. 6D). AGII-GFP infected cucumbers were analyzed 
for GFP by visualization under UV light. Green fluorescence was observed in 
AGII-GFP infected leaves, stems, flowers and fruit (Fig. 6E, F-right, G, H-left), 
indicating GFP expression in these organs. Similar fluorescence was not 

15 observed in identically developed organs infected with AGE (Fig. 6F-left, 
6H-right); a non-uniform fluorescence was seen in leaves (Fig. 6E) and male 
flowers (Fig. 6G). In fruits, fluorescence was located mainly in the embryonic 
tissue and to a lesser degree in the peel layer or mesocarp (Fig. 6H-left). 

These results indicate that a foreign gene expressed in plants according to 

20 the present invention is expressed in a variety of plant tissues including the fruit. 

Example 3: 

Expression of a biologically active human interferon-alpha 2a 

via AGII in cucurbits 

25 To quantify foreign gene expression in host plant organs, and to 

demonstrate the biotechnological potential of the AGE expression vector in 
cucurbits, we inserted the IFN coding sequence into the Nib-CP insertion site 
(Figs. 1A and IB). Plasmids containing. AGII-DFN cDNA were inoculated on 
squash and cucumber plants yielding full infectivity. Symptoms similar to those 

30 elicited by the parental virus AGII were observed within 5-7 dpi. The presence 
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of the IFN-2a gene within the AGII genome was verified by RT-PCR analysis 
of the progeny virus containing IFN-2a gene between Nib and CP. 

Figure 2A is an RT-PCR analysis of progeny viral RNA. Total RNA 
was extracted from AGII-IFN systemically infected leaves, at 14 or 24 dpi, and 
5 subjected to RT-PCR with primers flanking the Nib-CP insertion site. Plasmids 
harboring cDNA of AGII-IFN (pAGII-IFN) were subjected to PCR as a 
control. Amplified products were then analyzed on an EtBr agarose gel (image 
negative is shown) The expected size (bp) of amplified fragment, containing 
the inserted gene and flanking 476 bp of AGII, is marked by an arrow. 
10 HindfU-EcoKl digested Lambda DNA was used as molecular weight marker 
(M). 

Figure 2B illustrates accumulation AGII-IFN in squash plants. 
Accumulation is expressed as the percentage of AGII accumulation (100%). 
The level of the virus was determined by DAS-ELISA and is the average of 

15 three independent samples taken from three independent plants. All samples 
were collected from developmentally equivalent leaves at the indicated dpi. 

Thus, the IFN gene was maintained intact in the AGII genome at least 24 
dpi. (Fig. 2 A) and accumulated to similar levels as AGII (Fig. 2B). Moreover, 
stability of the IFN gene was maintained after six serial passages (at 3-week 

20 intervals) from plant to plant. 

Commercial cultivars of squash {Cucurbita pepo L. cv. Ma'ayan) and 
parthenocarpic cucumber (Cucumis sativus L. cv. Muhasan) seedlings were 
infected by sap inoculation of AGII-IFN (eight plants) or AGII (four plants). As 
a control, non-infected plants (four plants) were included. Plants were grown 

25 vertically in a semi-industrial net house under automatic irrigation and 
fertilization. Figure 3A includes photographs of AGII-IFN-infected and 
virus-free plants, which were taken 45 days after seedling inoculation. No 
difference is apparent. Plant infection was verified by DAS-ELISA. The effects 
of AGII-IFN infection on plant growth and development were evaluated by 

30 monitoring the plant phenotype and symptom expression, and by estimating the 
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crop yield. During the growth period, cucumber plants infected with AGH-IFN 
developed normally. AGH-IFN plants did not show any visible symptoms on 
their leaves or fruit, and were phenotypically indistinguishable from virus-free 
plants (Fig. 3 A). Infected squash plants also developed normally, showing only 

5 mild diffused mosaic symptoms on their leaves, and no symptoms on their fruits 
(not pictured). Crop yield was measured by collecting marketable cucumber 
fruits (about 60 g each) for a period of 1 month, beginning 3 weeks post 
inoculation. Figure 3B is a histogram comparing cucumber yield among 
virus-free plants, and AGH-and AGII-IFN-infected plants. Fruits (average size 

10 of 60 g) were collected from plants during 1 month. Data are given as the mean 
± SD of three or four independent plants. A yield of about 2 kg of fruit per 
plant was obtained in virus-free plants (Fig. 3B), and a comparable yield was 
obtained in AGH-IFN and AGn inoculated plants (Fig. 3B). 

Figure 3C is a histogram showing accumulation of AGH and AGH-IFN 

15 viruses in cucumber plants. The level of virus was determined by DAS-ELISA 
in four samples from independent plants. All samples were collected from 
developmentally equivalent leaves at 45 dpi. Similar levels of virus 
accumulation were measured in the leaves of these plants (Fig. 3C), 
demonstrating that virus infection did not affect fruit production. 

20 Figure 3D is an RT-PCR analysis of progeny viral RNA. Total RNA was 

extracted from leaves of recombinant virus (as indicated) infected plants or from 
virus-free plants, and subjected to RT-PCR with primers flanking the IFN 
insertion point. A plasmid harboring AGH-IFN cDNA (pAGII-BFN) was 
subjected to PCR as a control. The expected size (bp) of the fragment with (995) 

25 or without (476) the IFN is marked by an arrow. HindUl-EcoKL-digested 
Lambda DNA was used as a molecular weight marker (M); it is noteworthy that 
the IFN gene within AGH-IFN remained intact in tested plants (plants numbers 
17 and 20 are shown), even 2 months post inoculation, as confirmed by RT-PCR 
. (Fig. 3D). 
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Figure 4A is a histogram of IFN activity measured in leaves of 
AGH-IFN-inoculated cucumber at 60 dpi. The values were obtained after 
subtracting the background activity (of AGII-infected cucumber). Data are 
given as the mean ± SD of three independent measurements. Tested leaf 
5 developmental stage (weight and position from the top) and AGII-IFN virus 
amount are presented below the histogram, n.d = not determined. Infected 
leaves from the above cucumber (representative plants 17 and 20) and squash 
plants were analyzed for IFN activity at 60 and 30 dpi, respectively. Activities 
of 157xl0 3 and 34xl0 3 IU per gram fresh weight (gFW) were measured in 

10 young leaves (2 nd leaf; Fig. 4A). Much higher IFN activity was found in older 
leaves (4 th -6 th leaves; Fig. 4A). However, after leaves had fully expanded (8 th 
leaf), a sharp decrease in EFN activity occurred (Fig. 4A). An average activity of 
21xl0 3 IU/gFW was measured in stems. 

Figure 4B is an Immunoblot analysis of samples tested in figure 4A. 

15 Soluble protein extracts (70 fig) were analyzed by using anti-IFN polyclonal 
antibody. Recombinant IFN (Rec, 4 ng) was used as a control for gel mobility. 
Immunoblot analysis of samples which had been analyzed for interferon 
revealed the presence of a protein band that reacted with an anti-IFN antibody. 
Moreover, band intensity correlated with the level of IFN activity, indicating 

20 that this band represented IFN (Fig. 4B). As predicted, this band exhibited a 
slightly slower gel mobility than that of recombinant hIFN-2a due to the 
addition of eight amino acid residues to the IFN sequence (Fig. IB). 

Figure 4C illustrates IFN activity measured in leaves of AGII-IFN 
inoculated squash at 30 dpi. The values obtained after subtracting the 

25 background activity (of AGII-infected squash). Data are given as the mean ± SD 
of three independent measurements. In squash, IFN activity in young leaves (4 th 
from the top, Fig. 4C) was comparable with that in those of cucumber (Fig. 4 A). 
No activity was found in leaves of control plants. To correlate between virus 
accumulation and protein expression in leaves, the amount of AGII CP in the 

30 tested leaves was measured by quantitative DAS-ELISA (Fig. 4A, below 
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histogram). An increase in the amount of AGII CP was measured as the leaf 
matured. No correlation was obtained between CP accumulation and the 
biological activity of EFN. This was especially prominent in fully expanded 
leaves that contained the greatest amount of AGII CP and exhibited the lowest 

5 EFN activity (Fig. 4A). 

Figures 5A and B depict IFN activity found in fruit extracts from 
AGII-IFN inoculated cucumber (Fig. 5A) or squash (Fig. 5B) plants, 60 or 
30 dpi, respectively. The values obtained after subtracting the background 
activity (of AGII-infected plants). Data are given as the mean ± SD of three 

10 independent measurements. Tested fruit developmental stage (weight) and 
AGII-IFN virus amount are presented below the histogram, n.d.^not 
determined. 

The IFN activity measured in fruits from the same cucumber and squash 
plants (Figs. 5A and 5B) was two-to fourfold lower than activity in leaves 

15 (Figs. 4A and 4C) of the same plants. The highest activity was found in the 
youngest immature fruits of both cucumber and squash (Figs. 5A and 5B). On 
average, a twofold greater increase in IFN activity was measured in squash 
fruits than in those of cucumber (Figs. 5A and 5B), Accumulation of AGE CP 
in cucumber fruits was two orders of magnitude less than in leaves, which is 

20 consistent with the IFN activity difference between the two organs. 

Figures 5 C and D depict IFN activity found in fruit parts from 
AGII-IFN inoculated cucumber plants 20 (Fig. 5C) or squash (Fig. 5D) 60 
or 30 dpi, respectively. The values obtained after subtracting the 
background activity of AGII-infected fruit. Data are given as the mean ± SD 

25 of three independent measurements. 

Interestingly, analysis of IFN activity in cucumber and squash fruit parts 
shows that most of the activity was located in the fruit placental tissue and/or 
embryonic tissue (core) and much lower in the mesocarp and peel layer (Figs. 
5C and 5D). 
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Example 4: 

Expression of a biologically active human interferon-alpha 2a 
via AGBE in different cucurbit cultivars 

In order to establish that interferon is easily produced in a variety of 
5 agriculturally important cultivars, experiments were carried out in commercial 
cultivars of zucchini squash and cucumber. Results are summarized in table 1. 
Levels of interferon expression were high in all tested cultivars. 

TABLE 1. Interferon alpha 2a activity in fruit from various cucurbit 
10 cultivars 







Interferon 


Species 


Cultivar 


alpha 2a 
IU/gFW a 


Cucumber 
(aicumis satrms) 


Muhasan 

IV-40 

Sarig 


11534 
8759 
8428 




Marrow 


13693 




Ma'ayan 


22939 




Cocozelle 


24977 




XPS136 


15690 




XPS159 


18792 


Zucchini squash 
(cucurbita pepo) 


Goldy 

Scaloppini 

Crookneck 


12957 
18779 
14238 




Zucchini 


17909 




Erlica 


22316 




Straightneck 
Nano-Verde 


20425 
57142 




Gulliver 


137500 



a Average activity measured from at least three independent fruits. 

Example 5: 

Effect of oral administration of human interferon alpha 2a produced in 
squash on experimental colitis in mice 

In order to measure the effect of interferon alpha 2a produced in plants on 
colitis, the TNBS mouse model of colitis was employed. The model is 
essentially as described in Gotsmann et aL (2001) and in Ilan et al. (2000). 
Briefly, mice were normal inbred females mice maintained on standard 
laboratory chow and kept in 12 hr light/dark cycles. Colitis was induced by 
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intracolonic instillation of trinitrobenzene sulfonic acid (TNBs). Treated mice 
were dosed orally with extract of squash Suit expressing interferon alpha 2a 
for 14 days following colitis induction. As a control, colitis induced mice 
received either similar amounts of extract from squash fruit not expressing 
5 interferon alpha 2a or bovine serum albumin. Colitis was assessed in each 
group by standard clinical, macroscopic and microscopic scores. Serum 
cytokine secretion was determined by ELISA. 

Evaluation of the effects of tolerance induction on experimental colitis 
was accomplished by assessing level of diarrhea, macroscopic scoring of 

io colitis, cytokine levels and grading of histological lesions. Results are 
summarized in table 2. 

Oral administration of either squash extract or squash extract containing 
interferon alpha 2a to mice not induced to colitis had no adverse impact on their 
health status (groups B and C). However, oral administration of extract from 

15 squash fruit expressing interferon alpha 2a to mice induced to colitis (group D) 
markedly ameliorated their experimental colitis. These mice of group D gained 
weight, had less severe diarrhea, and showed markedly improved macroscopic 
and microscopic parameters of colitis. IFNy levels decreased and IL10 levels 
increased in these mice as compared with mice induced to colitis and not given 

20 squash extract expressing interferon alpha 2a (group E). 

In summary, this experiment demonstrates that oral administration of 
squash extract from fruit expressing human interferon alpha 2a exerted a 
positive impact on the intestine of colitis induced mice. This indicates that the 
interferon was absorbed in the digestive tract after swallowing in contrast to 

25 prior art teachings. Whether the observed effect is systemic or local, it 
represents a significant improvement in the applicability of oral interferon 
treatment to clinical medicine. 



Table 2: Effect of oral administration of extracts from squash fruit expressing 
interferon alpha 2a in a mouse colitis model 



Group* 


Colitis 
induced 


Treatment 


Microscopic 
score: 


Macroscopic 
score: 


IFNy 


IL4 


IL10 


IL12 
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A 


NO 


NONE 


0 


0 


160 


39.3 


90 




B 


NO 


Extract with 
interferon 
alpha 2a 


0 


0 


101 


14.5 


76.2 


223 


C 


NO 


Extract with 
out 

interferon 


0 


0 


270 




35.4 


190 


D 


YES 


Extract with 
interferon 
alpha 2a 


1.65 


1.4 


134 


11.5 


6537 


230 


E 


YES 


NONE 


2.4 


2.5 


250 


5 


6 . 





Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, it is 
5 intended to embrace all such alternatives, modifications and variations that fall 
within the spirit and broad scope of the appended claims. 

All publications, patents and patent applications mentioned in this 
specification are herein incorporated in their entirety by reference into the 
specification, to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be 
incorporated herein by reference. In addition, citation or identification of 
any reference in this application shall not be construed as an admission that 
such reference is available as prior art to the present invention. 
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WHAT IS CLAIMED IS: 

1 . A system for providing supplemental interferon to a subject, the 
system comprising: 

(a) a viral vector, said vector designed and constructed to be 
capable of infecting a plant and expressing at least a portion of 
an interferon gene therein; and 

(b) said plant, at least a portion of said plant being edible by 
the subject; 

wherein a gene product of said at least a portion of an interferon 
gene is bioavailable to the subject consuming said at least a 
portion of said plant. 

2. The system of claim 1, wherein said viral vector is a potyvirus 

vector. 

3. The system of claim 2, wherein said potyvirus is zucchini 
yellow mosaic virus (ZYMV). 

4. The system of claim 3, wherein said ZYMV is an attenuated 
strain containing a mutation as listed in SEQ ID NOs.: 7 and 8. 

5. The system of claim 1, wherein said at least a portion of an 
interferon gene comprises a mammalian interferon gene sequence. 

6. The system of claim 5, wherein said mammalian interferon gene 
sequence comprises at least a portion of a human interferon gene sequence. 
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7. The system of claim 6, wherein said human interferon gene 
sequence is selected from the group consisting of interferon alpha 2a (SEQ ID 
NO.: 1) and any gene at least 85% homologous thereto as analyzed by the 
FastA program, 

8. The system of claim 6, wherein said human interferon gene 
sequence is selected from the group consisting of interferon beta (SEQ ID 
NO.: 11) of interferon gamma (SEQ ID NO.: 13) and any gene at least 85% 
homologous to either of said interferon genes as analyzed by the FastA 
program. 

9. The system of claim 1, wherein said vector expresses at least a 
portion of a protein selected from the group consisting of the interferon alpha 
2a gene product (SEQ ID NO.: 2) and any protein at least 85% homologous 
thereto as analyzed by the FastA program. 

10. The system of claim 1, wherein said vector expresses at least a 
portion of a protein selected from the group consisting of the interferon beta 
gene product (SEQ ID NO.: 12), the interferon gamma gene product (SEQ ID 
NO.: 14) and any protein at least 85% homologous to either of said interferon 
gene products as analyzed by the FastA program. 

11. The system of claim 1, wherein transmissibility of said viral 
vector from said plant to a second plant is prevented by a mutation in said 
viral vector. 

12. A system for providing supplemental interferon to a subject, the 
system comprising: 
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(a) a DNA sequence designed and constructed to be capable 
of expressing at least a portion of an interferon gene in a plant; 
and 

(ii) said plant, at least a portion of said plant being 

edible by the subj ect and said plant susceptible to 
transformation by said DNA sequence; 

wherein a gene product of said at least a 
portion of an interferon gene is bioavailable to the subject 
consuming said at least a portion of said plant. 



13. The system of claim 12, further comprising a means for 
introducing said DNA sequence into at least one cell of said plant, thereby 
transforming said cell. 

14. The system of claim 12, wherein said DNA sequence comprises a 
left border and a right border of agrobacterium T-DNA. 

15. The system of claim 12, wherein said at least a portion of an 
interferon gene comprises a mammalian interferon gene sequence. 

16. The system of claim 15, wherein said mammalian interferon gene 
sequence comprises at least a portion of a human interferon gene sequence. 

17. The system of claim 16, wherein said human interferon gene 
sequence is selected from the group consisting of interferon alpha 2a (SEQ ID 
NO.: 1) and any gene at least 85% homologous thereto as analyzed by the 
FastA program. 
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18. The system of claim 14, wherein said human interferon gene 
sequence is selected from the group consisting of interferon beta (SEQ ID NO.: 
11) of interferon gamma (SEQ ID NO.: 13) and any gene at least 85% 
homologous to either of said interferon genes as analyzed by the FastA 
program. 

19. The system of claim 12, wherein said vector expresses at least a 
portion of a protein selected from the group consisting of the interferon alpha 
2a gene product (SEQ ID NO.: 2) and any protein at least 85% homologous 
thereto as analyzed by the FastA program. 

20. The system of claim 12, wherein said vector expresses at least a 
portion of a protein selected from the group consisting of the interferon beta 
gene product (SEQ ID NO.: 12), the interferon gamma gene product (SEQ ID 
NO.: 14) and any protein at least 85% homologous to either of said interferon 
gene products as analyzed by the FastA program. 

21. A method for providing supplemental interferon to a subject, the 
method comprising the steps of: 

(a) causing a plant to express at least a portion of an interferon 
gene in at least some cells thereof; and 

(b) feeding at least a portion of said plant to the subject. 

22. The method of claim 21, wherein said step of causing is 
accomplished by an action selected from the group consisting of: 

(i) infecting at least one cell of said plant with a viral vector, 
said viral vector designed and constructed to be capable of 
expressing at least a portion of an interferon gene therein; and 
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(ii) transforming at least one cell of said plant with a DNA 
sequence designed and constructed to be capable of expressing at 
least a portion of an interferon gene therein. 

23. The method of claim 21, wherein said at least a portion of an 
interferon gene comprises a mammalian interferon gene sequence. 

24. The method of claim 23, wherein said mammalian interferon gene 
sequence comprises at least a portion of a human interferon gene sequence. 

25. The method of claim 24, wherein said human interferon gene 
sequence is selected from the group consisting of interferon alpha 2a (SEQ ID 
NO.: 1) and any gene at least 85% homologous thereto as analyzed by the 
FastA program. 

26. The method of claim 24, wherein said human interferon gene 
sequence is selected from the group consisting of interferon beta (SEQ ID 
NO.: 11) of interferon gamma (SEQ ID NO.: 13) and any gene at least 85% 
homologous to either of said interferon genes as analyzed by the FastA 
program. 

27. The method of claim 21, wherein said step of causing a plant to 
express includes expression of at least a portion of a protein selected from the 
group consisting of the interferon alpha 2a gene product (SEQ ID NO.: 2) and 
any protein at least 85% homologous thereto as analyzed by the FastA program. 

28. The method of claim 21, wherein said step of causing a plant to 
express includes expression of at least portion of a protein selected from the 
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group consisting of the interferon beta gene product (SEQ ID NO.: 12), the 
interferon gamma gene product (SEQ ID NO.: 14) and any protein at least 85% 
homologous to either of said interferon gene products as analyzed by the FastA 
program. 

29. A method for providing an orally bio-available protein to a 
subject, the method comprising the steps of: 

(a) causing a plant to express at least a portion of the orally 
bio-available protein in at least some cells thereof; and 

(b) feeding at least a portion of said plant to the subject. 

30. The method of claim 29, wherein said step of causing is 
accomplished by an action selected from the group consisting of: 

(a) infecting at least one cell of said plant with a viral vector, 
said viral vector designed and constructed to be capable 
of expressing at least a portion of a gene encoding the 
orally bio-available protein therein; and 

(b) transforming at least one cell of said plant with a DNA 
sequence designed and constructed to be capable of 
expressing at least a portion of a gene encoding the 
orally bio-available protein therein. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(i) APPLICANT: 

(ii) TITLE OF INVENTION: 



TZAHI ARAZI, YOEL MOSHE SHIBOLETH 
AND AM IT GAL -ON 

SYSTEMS AND METHODS FOR PROVIDING 
SUPPLEMENTAL INTERFERON TO A SUBJECT 



(iii) NUMBER OF SEQUENCES: 



20 



<v) 



(vi) 



(vii) 



(viii) 



(ix) 



CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: 

(II) STREET: 

<C) CITY: 

<D) STATE: 

(E) COUNTRY: 

(F) ZIP: 

COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 

(B) COMPUTER: 
<C) OPERATING SYSTEM: 

(D) SOFTWARE: 

CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 
<C> CLASSIFICATION: 
PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) APPLICATION NUMBER: 

(D) FILING DATE: 

(E) APPLICATION NUMBER: 

(F) FILING DATE: 
ATTORNEY / AGENT INFORMATION: 

(A) NAME: 

(B) REGISTRATION NUMBER: 

(C) REFERENCE/DOCKET NUMBER 
TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 

(B) TELEFAX: 

(C) TELEX: 



Mark M. Friedman C/O Mr, Bill Polkinghorn 
Discovery Dispatch 

9003 Florin Nay 

Upper Marlboro 
Maryland 

United States of America 
20772 



1.44 megabyte/ 3.5" microdisk 
Twinhead* Slimnote-890TX 
MS DOS version 6.2, 
Windows version 3.11 

Word for Windows version 2.0 converted to 
an ASCI file 



60/253, 136 
November 28, 2000 



Friedmam, 

33,883 

910/14 



Mark M. 



972-3-5625553 
972-3-5625554 



INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 498 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



ATGTGTGATC 
GCTGCTGGCT 
GACATGACTT 
GCTGAAACCA 
CTTCAGCACA 
AATTCTACAC 
ATACAGGGGG 
TCTGGCTGTG 
AGAAATACAG 
TCTTTTTCTT 



TGCCGCAGAC 
CAGATGCGTC 
TGGATTTCCC 
TCCCTGTCCT 
AAGGACTCAT 
TGAACTCTAC 
TGGGGGTGAC 
AGGAAATACT 
CCCTTGTGCC 
TGTCAACAAA 



TCACTCTCTG 
GTATCTCTCT 
CAGGAGGAGT 
CCATGAGATG 
CTGCTGCTTG 
CAGCAGCTGA 
AGAGACTCCC 
TCCAAAGAAT 
TGGGAGGTTG 
CTTGCAAGAA 



GGTTCTCGTC 
TTTCTCCTGC 
TTGGCAACCA 
ATCCAGCAGA 
GGATGAGACC 
ATGACCTGGA 
CTGATGAAGG 
CACTCTCTAT 
TCAGAGCAGA 
AGTTTAAGAA 



GTACTCTGAT 
TTGAAGGACA 
GTTCCAAAAG 
TCTTCAATCT 
CTCCTAGACA 
AGCCTGTGTG 
AGGACTCCAT 
CTGAAAGAGA 
AATCATGAGA 
GTAAGGAA 



50 

100 

150 

200 

250 

300 

350 

400 

450 

498 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 166 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



Met Cys Asp Leu Pro Gin Thr His Ser Leu Gly Ser Arg Arg Thr 
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H 

5 10 15 



Leu 


Met 


Leu 


Leu 


Ala 


Gin 


Met 


Arg 


Arg 


He 


Ser 


Leu Phe Ser Cys 










20 










25 




30 


Leu 


Lys 


Asp 


Arg 


His 


Asp 


Phe 


Gly 


Phe 


Pro 


Gin 


Glu Glu Phe Gly 










35 










40 




45 


Asn 


Gin 


Phe 


Gin 


Lys 


Ala 


Glu 


Thr 


He 


Pro 


Val 


Leu His Glu Met 










50 










55 




60 


lie 


Gin 


Gin 


lie 


Phe 


Asn 


Leu 


Phe 


Ser 


Thr 


Lys 


Asp Ser Ser Ala 










65 










70 




75 


Ale 


Trp 


Asp 


Glu 


Thr 


Leu 


Leu 


Asp 


Lys 


Phe 


Tyr 


Thr Glu Leu Tyr 










80 










85 




90 


Gin 


Gin 


Leu 


Asn 


Asp 


Leu 


Glu 


Ala 


Cys 


Val 


He 


Gin Gly Val Gly 










95 










100 




105 


val 


Thr 


Glu 


Thr 


Pro 


Leu 


Met 


Lys 


Glu 


Asp 


Ser 


He Leu Ala Val 










110 










115 




120 


Arg 


Lys 


Tyr 


Phe 


Gin 


Arg 


He 


Thr 


Leu 


Tyr 


Leu 


Lys Glu Lys Lys 










125 










130 




135 


Tyr 


Ser 


Pro 


Cys 


Ala 


Trp 


Glu 


Val 


Val 


Arg 


Ala 


Glu He Met Arg 










140 










145 




150 


Ser 


Phe 


Ser 


Leu 


Ser 


Thr 


Asn 


Leu 


Gin 


Glu 


Ser 


Leu Arg Ser Lys 



155 160 165 

Glu 



INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 

<B) TYPE: nucleic acid 

(C ) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GCTGCAGTCA TGTGATCTGC CGCAGACTCA CTCT 34 

INFORMATION FOR SEQ ID NO: 4: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
CAGTGTCGAC TTCCTTACTT CTTAAACTTT C 31 



INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 
<D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

AGCTCCATAC ATAGCTGAGA CA 22 



INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

TGGTTGAACC AAGAGGCGAA 20 



2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1359 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TCACAACCGG AAGTTCAGTT CTTCCAAGGA TGGCGACGAA TGTTTGACAA 50 
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GTTTAGGCCC AGCCTAGATC ATGTGTGCAA 
AATGTGGTGA GTTGGCAGCA ATCTTTTGTC 
AAACTATCGT GCCAAACATG CAGAGAAAAG 
GGAATTCAAA GACTCTTTGA ACGCAAACTT 
GGGATAGTTT CAAGGAAGGC TCTCATTACG 
AAAGTGGCAA CACAGGCTAC TCAGAATCTC 
GAAGTTAGTT CAGAACCACA CAAGCACTCA 
TCAACAAGGC GCTCATGAAA GGTTCATTGG 
TTAGCTTTGA AACAGCTTCT TGAAATGACT 
GCATCTGACT GGTGAGGAGG CATTGAAAAT 
GCAAGGCCAT GATAAATCCT AGCCTTCTAT 
AATGAAATTT TGTTTGGGGA GAAAGAGATA 
GAACTTCTTC GAAGAAGTAT ACCAGCGAAG 
CGAACTTTCC AAATGGTACT CGTAAGTTGG 
CCACTCAATT TGGATAGGGC ACGCACTGCA 
GAAGAAGCCA CTCACATCAG CGTGTGTCTC 
TACACTCATG CTGCTGTGTA ACGATGGATG 
GAGCTTAAGA GCCCGACGAA GAGGCATCTA 
TCCAAAGTAC ATTGATCTGC CAGCATCTGA 
CAAAAGAAGG TTATTGCTAT CTCAATATTT 
GTTAATGAGA ACGAAGCAAA GGATTTCACC 
GATCCCCATG CTTGGGCAGT GGCCTTCATT 
CATATATTCT AGGTGTATTC CATCCTGAAA 
AGGATCCTTG TTGACCACGC TACACAAACC 
TGGATCACTA ACTGTTGGGT ATCACGTGCT 
ATT TAATT C A GTTTGCCTCA AATGATATGC 
AGAGTTGGC 



m 

AGTTGACCAC AACAACGAGG 100 

AGGCTCTATT CCCAGTAGTG 150 

CTTAGTAGAG TTAGCTTCGA 200 

TATTATCCAC AAGGATGAAT 250 

ATAATATTTT CAAATTGATC 300 

AAGCTCTCAT CTGAAGTTAT 350 

CATGAAGCAA ATACAAGACA 400 

TTACGCAAGA CGAATTGGAC 450 

CAGTGGTTTA AGAACCACAT 500 

GTTCATAAAT AAGCGCTCTA 550 

GTGACAACCA ATTGGACAAA 600 

CATTCCAAGC GATTATTCAA 650 

GATATACGAA GTACGTAGTG 700 

CCATAGGCTC ATTGATTGTA 750 

CTACTTGGAG AGAGTATTGA 800 

CCAACAGAAT GGAAATTATA 850 

ATGGAACCCC GATGTACTCA 900 

GTTATAGGAG CTTCTGGTGA 950 

GGCAGAACGC ATGTATATAG 1000 

TCCTCGCAAT GCTTGTGAAT 1050 

AAAATGATTC GTGATGTTTT 1100 

GATGGATGTT GCAACTGCAG 1150 

CGCGATGCGC TGAATTACCC 1200 

ATGCATGTCA TTGATTCTTA 1250 

CAAGGCCGGA ACTGTCAATC 1300 

AAAGCGAGAT GAAACATTAC 1350 

1359 



2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 453 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Ser 


Gin 


Pro 


Glu 


Val 


Gin 


Phe 


Phe 


Gin 


Gly 


Trp Arg Arg Met 


Phe 










5 










10 








15 


Asp 


Lys 


Phe 


Arg 


Pro 


Ser 


Leu 


Asp 


His 


Val 


Cys Lys 


Val 


Asp 


His 




20 










25 








30 


Asn 


Asn 


Glu 


Glu 


Cys 


Gly 


Glu 


Leu 


Ala 


Ala 


He Phe 


Cys 


Gin 


Ala 










35 








40 








45 


Leu 


Phe 


Pro 


Val 


Val 


Lys 


Leu 


Ser 


Cys 


Gin 


Thr Cys 


Arg 


Glu 


Lys 










50 








55 








60 


Leu 


Ser Arg 


Val 


Ser 


Phe 


Glu 


Glu 


Phe 


Lys 


Asp Ser 


Leu 


Asn 


Ala 










65 










70 








75 


Asn 


Phe 


He 


He 


His 


Lys 


Asp 


Glu 


Trp 


Asp 


Ser Phe 


Lys 


Glu 


Gly 










80 










85 








90 


Ser 


His 


Tyr 


Asp 


Asn 


He 


Phe 


Lys 


Leu 


He 


Lys Val 


Ala 


Thr 


Gin 






95 










100 








105 


Ala 


Thr 


Gin 


Asn 


Leu 


Lys 


Leu 


Ser 


Ser 


Glu 


Val Met 


Lys 


Leu 


Val 










110 








115 








120 


Gin 


Asn 


His 


Thr 


Ser 


Thr 


His 


Met 


Lys 


Gin 


He Gin 


Asp 


He 


Asn 










125 










130 








135 


Lys 


Ala 


Leu 


Met 


Lys 


Gly 


Ser 


Leu 


Val 


Thr 


Gin Asp 


Glu 


Leu 


Asp 








140 










145 








150 


Leu 


Ala 


Leu 


Lys 


Gin 


Leu 


Leu 


Glu 


Met 


Thr 


Gin Trp 


Phe 


Lys 


Asn 








155 










160 








165 


His 


Met 


His 


Leu 


Thr 


Gly 


Glu 


Glu 


Ala 


Leu 


Lys Met 


Phe 


He 


Asn 










170 










175 








180 


Lys 


Arg 


Ser 


Ser 


Lys 


Ala 


Met 


He 


Asn 


Pro 


Ser Leu 


Leu 


Cys 


Asp 






185 










190 








195 


Asn 


Gin 


Leu 


Asp 


Lys 


Asn 


Glu 


He 


Leu 


Phe 


Gly Glu 


Lys 


Glu 


He 








200 










205 








210 


His 


Ser 


Lys 


Arg 


Leu 


Phe 


Lys 


Asn 


Phe 


Phe 


Glu Glu Val Tyr 


Gin 






215 










220 








225 


Arg 


Arg 


He 


Tyr 


Glu 


Val 


Arg 


Ser 


Ala 


Asn 


Phe Pro Asn Gly 


Thr 




230 










235 








240 


Arg 


Lys 


Leu 


Ala 


He 


Gly 


Ser 


Leu 


He 


Val 


Pro Leu 


Asn 


Leu 


Asp 






245 










250 








255 


Arg Ala Arg 


Thr 


Ala 


Leu 


Leu 


Gly 


Glu 


Ser 


He Glu 


Lys 


Lys 


Pro 










260 










265 








270 


Leu 


Thr 


Ser 


Ala 


Cys 


Val 


Ser 


Gin 


Gin 


Asn 


Gly Asn Tyr 


He 


His 
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275 






Ser 


Cys 


Cys 


Cys 


Val 
290 


Thr 


Met 


Glu 


Leu 


Lys 


Ser 


Pro 
305 


Thr 


Lys 


Gly Asp 


Pro 


Lys 


Tvr 


lie 


Asp 










320 






Met 


Tyr 


lie 


Ala 


Lys 
335 


Glu 


Glv 


Ala 


Met 


Leu 


Val 


Asn 
350 


Val 


Asn 


Lys 


Met 


lie 




Asp 
365 


Val 


Leu 


Ser 


Leu 


Met 


Asp 


Val 
380 


Ala 


Thr 


His 


Pro 


Glu 


Thr 


Arg 
395 


Cys 


Ala 


His 


Ala 


Thr 


Gin 


Thr 
410 


Met 


His 


Thr 


Val 


Gly 


Tyr 


His 
425 


Val 


Leu 


lie 


Gin 


Phe 


Ala 


Ser 
440 


Asn 


Asp 


Arg 


Val 


Gly 











453 



IV 







280 








285 


Asp 


Asp 


Glv 
295 


Thr 


Pro 


Met Tyr 


Ser 
300 


ftj -y 


His 


Leu 
310 


Val 


He 


Gly Ala 


Ser 
315 


Leu 


Pro 


Ala 
325 


Ser 


Glu 


Ala G1 u 


«*rg 
330 


•PUT* 


Cys 


Tvr 

xyi: 

340 


Leu 




He Phe 


345 


Glu 


Asn 


Glu 
355 


Ala 






Thr 
360 


He 


Pro 


Met 
370 


Leu 


Gly 




Pro 
375 


Ala 


Ala 


Tvr 

Jr 

385 


He 




Gly Val 


Phe 
390 


Glu 


Leu 


Pro 
400 


Arg 


He 


Leu Val 


Asp 
405 


Val 


He 


Asp 
415 


Ser 


Tyr 


Gly Ser 


Leu 
420 


Lys 


Ala 


Gly 
430 


Thr 


Val 


Asn His 


Leu 
435 


Met 


Gin 


Ser 
445 


Glu 


Met 


Lys His 


Tyr 
450 



2) 



INFORMATION FOR SEQ ID NO: 9: 



<i) 



<xi) 



SEQUENCE CHARACTERISTICS: 



(A) 
(B) 
(C) 
(D) 



LENGTH: 
TYPE: 

STRANDEDNESS: 
TOPOLOGY: 



SEQUENCE DESCRIPTION: 



837 

nucleic acid 

double 

linear 

SEQ ID NO: 9: 



TCAGGCACTC AGCCAACTGT GGCAGACACT GGAGCTACAA AGAAAGATAA 50 

AGAAGATGAC AAAGGGAAAA ACAAGGACGT TACAGGCTCC GGCTCAGGTG 100 

AGAAAACAGT AGCAGCTGTC ACGAAGGACA AGGATGTGAA TGCTGGTTCT 150 

CATGGGAAAA TTGTGC CGCG TCTTTCGAAG ATCACAAAGA AAATGTCATT 200 

GCCACGCGTG AAAGGAAATG TGATACTCGA TATTGATCAT TTGCTGGAAT 250 

ATAAACCGGA TCAAATTGAG TTATATAACA CACGAGCGTC TCATCAGCAG 300 

TTCGCCTCTT GGTTCAACCA GGTTAAGACG GAATATGATT TGAACGAGCA 350 

ACAGATGGGA GTTGTAATGA ATGGTTTCAT GGTTTGGTGC ATTGAGAATG 400 

GCACTTCACC CGACATTAAT GGAGTGTGGG TTATGATGGA CGGAAATGAG 450 

CAAGTTGAGT ATCCCTTGAA ACCAATAGTT GAAAATGCAA AGCCAACGCT 500 

GCGGCAAATA ATGCATCATT TTTCAGATGC AGCGGAGGCA TATATAGAGA 550 

TGAGAAATGC AGAGGCACCA TACATGCCGA GGTATGGTTT GCTTCGAAAC 600 

CTACGGGATA GGAGTTTAGC ACGATATGCT TTTGATTTCT ATGAAGTCAA 650 

TTCTAAAACT CCTGAAAGAG CCCGCGAAGC TGTTGCGCAG ATGAAAGCAG 700 

CAGCTCTTAG CAATGTTTCT TCAAGGTTGT TTGGCCTTGA TGGAAATGTT 750 

GCCACCACTA GCGAAGACAC TGAACGGCAC ACTGCACGTG ATGTTAATAG 800 

AAACATGCAC ACCTTACTAG GTGTGAATAC AATGCAG 837 



2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 279 

(B) TYPE: amino acid 
{ C ) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 



Ser 


Gly Thr Gin 


Pro 


Thr 


Val Ala Asp 


Thr 


Gly 


Ala Thr Lys 


Lys 






5 






10 






15 


Asp 


Lys Glu Asp 


Asp 


Lys 


Gly Lys Asn 


Lys 


Asp 


Val Thr Gly 


Ser 






20 






25 






30 


Gly 


Ser Gly Glu 


Lys 


Thr 


Val Ala Ala 


Val 


Thr 


Lys Asp Lys 


Asp 






35 






40 






45 


Val 


Asn Ala Gly 


Ser 


His 


Gly Lys He 


Val 


Pro 


Arg Leu Ser 


Lys 






50 






55 






60 


He 


Thr Lys Lys 


Met 


Ser 


Leu Pro Arg 


Val 


Lys 


Gly Asn Val 


He 






65 






70 






75 
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Leu 


Asp 


lie 


Asp 


His 
80 


Leu 


Leu 


Leu 


Tyr 


Asn 


Thr 


Arg 
95 


Ala 


Ser 


Asn 


Gin 


Val 


Lys 


Thr 


Glu 


Tyr 








110 






Val 


val 


Met 


Asn 


Gly 
125 


Phe 


Met 


Ser 


Pro 


Asp 


He 


Asn 
140 


Gly 


Val 


Gin 


Val 


Glu 


Tyr 


Pro 
155 


Leu 


Lys 


Thr 


Leu 


Arg 


Gin 


He 


Met 


His 








170 






Tyr 


lie 


Glu 


Met 


Arg 
185 


Asn 


Ala 


Gly 


Leu 


Leu 


Arg 


Asn 
200 


Leu 


Arg 


Phe 


Asp 


Phe 


Tyr 


Glu 

215 


Val 


Asn 


Glu 


Ala 


Val 


Ala 


Gin 
230 


Met 


Lys 


Ser Arg 


Leu 


Phe 


Gly 


Leu 


Asp 










245 






Asp Thr 


Glu 


Arg 


His 


Thr 


Ala 










260 






Thr 


Leu 


Leu 


Gly 


Val 
275 


Asn 


Thr 



V 



Glu 


Tyr 


Lys 


Pro Asp Gin He 


Glu 






85 




90 


His 


Gin 


Gin 


Phe Ala Ser Trp 


Phe 






100 




105 


Asp 


Leu 


Asn 


Glu Gin Gin Met 


Gly 




115 




120 


Val 


Trp 


Cys 


He Glu Asn Gly 


Thr 






130 




loo 


Trp 


Val 


Met 


Met Asp Gly Asn 


Glu 






145 




150 


Pro 


He 


Val 


Glu Asn Ala Lys 


Pro 






160 




165 


His 


Phe 


Ser 


Asp Ala Ala Glu 


Ala 






175 




180 


Glu 


Ala 


Pro 


Tyr Met Pro Arg 


Tyr 






190 




195 


Asp 


Arg 


Ser 


Leu Ala Arg Tyr 


Ala 






205 




210 


Ser 


Lys 


Thr 


Pro Glu Arg Ala 


Arg 






220 




225 


Ala 


Ala 


Ala 


Leu Ser Asn Val 


Ser 






235 




240 


Gly 


Asn 


Val 


Ala Thr Thr Ser 


Glu 




250 




255 


Arg 


Asp 


Val 


Asn Arg Asn Met 


His 






265 




270 


Met 


Gin 









279 



2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 561 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:11: 

ATGACCAACA AGTGTCTCCT CCAAATTGCT CTCCTGTTGT GCTTCTCCAC 50 

GACAGCTCTT TCCATGAGCT ACAACTTGCT TGGATTCCTA CAAAGAAGCA 100 

GCAATTGTCA GTGTCAGAAG CTCCTGTGGC AATTGAATGG GAGGCTTGAA 150 

TACTGCCTCA AGGACAGGAG GAACTTTGAC ATCCCTGAGG AGATTAAGCA 200 

GCTGCAGCAG TTCCAGAAGG AGGACGCCGC AGTGACCATC TATGAGATGC 250 

TCCAGAACAT CTTTGCTATT TTCAGACAAG ATTCATCGAG CACTGGCTGG 300 

AATGAGACTA TTGTTGAGAA CCTCCTGGCT AATGTCTATC ATCAGAGAAA 350 

CCATCTGAAG ACAGTCCTGG AAGAAAAACT GGAGAAAGAA GATTTCACCA 400 

GGGGAAAACG CATGAGCAGT CTGCACCTGA AAAGATATTA TGGGAGGATT 450 

CTGCATTACC TGAAGGCCAA GGAGGACAGT CACTGTGCCT GGACCATAGT 500 

CAGAGTGGAA ATCCTAAGGA ACTTTTACGT CATTAACAGA CTTACAGGTT 550 

ACCTCCGAAA C 561 



2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 187 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

( D) TOPOLOGY : linear 







(xi) 


SEQUENCE 


DESCRIPTION: SEQ ID NO: 12: 




Met 


Thr 


Asn 


Lys Cys Leu 


Leu Gin He Ala Leu Leu Leu Cys 


Phe 








5 


10 


15 


Ser 


Thr 


Thr 


Ala Leu Ser 


Met Ser Tyr Asn Leu Leu Gly Phe 


Leu 








20 


25 


30 


Gin 


Arg 


Ser 


Ser Asn Cys 


Gin Cys Gin Lys Leu Leu Trp Gin 


Leu 








35 


40 


45 


Asn 


Gly Arg 


Leu Glu Tyr 


Cys Leu Lys Asp Arg Arg Asn Phe 


Asp 








50 


55 


60 


He 


Pro 


Glu 


Glu He Lys 


Gin Leu Gin Gin Phe Gin Lys Glu 


Asp 
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VI 

65 70 75 



Ala 


Ala 


Val 


Thr 


lie 


Tyr 


Glu 


Met 


Leu 


Gin 


Asn lie Phe 


Ala lie 










80 










85 




90 


Phe 


Arg Gin 


ASD 


Ser 


Ser 


Ser 


Thr 


Glv 


TrD 


Asn Glu Thr 


He Val 










95 










100 




105 


Glu 


Asn 


Leu 


Leu 


Ala 


Asn 


Val 


Tyr 


His 


Gin 


Arg Asn His 


Leu Lys 










110 










115 




120 


Thr 


Val 


Leu 


Glu 


Glu 


Lys 


Leu 


Glu 


Lys 


Glu 


Asp Phe Thr 


Arg Gly 










125 










130 




135 


Lys 


Arg 


Met 


Ser 


Ser 


Leu 


His 


Leu 


Lys 


Arg 


Tyr Tyr Gly Arg lie 










140 










145 




150 


Leu 


His 


Tyr 


Leu 


Lys 


Ala 


Lys 


Glu 


Asp 


Ser 


His Cys Ala 


Trp Thr 










155 










160 




165 


lie 


Val 


Arg 


Val 


Glu 


lie 


Leu 


Arg 


Asn 


Phe 


Tyr Val lie 


Asn Arg 










170 










175 




180 


Leu 


Thr 


Gly 


Tyr 


Leu 


Arg 


Asn 













185 



2) INFORMATION FOR SEQ ID NO;13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 498 

(B) TYPE: nucleic 

( C ) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

ATGAAATATA CAAGTTATAT CTTGGCTTTT CAGCTCTGCA TCGTTTTGGG 50 

TTCTCTTGGC TGTTACTGCC AGGACCCATA TGTAAAAGAA GCAGAAAACC 100 

T TAAGAAAT A TTTTAATGCA GGTCATTCAG ATGTAGCGGA TAATGGAACT 150 

CTTTTCTTAG GCATTTTGAA GAATTGGAAA GAGGAGAGTG ACAGAAAAAT 200 

AATGCAGAGC CAAATTGTCT CCTTTTACTT CAAACTTTTT AAAAACTTTA 250 

AAGATGACCA GAGCATCCAA AAGAGTGTGG AGAC CATCAA GGAAGACATG 300 

AATGTCAAGT TTTTCAATAG CAACAAAAAG AAACGAGATG ACTTCGAAAA 350 

GCTGACTAAT TATTCGGTAA CTGACTTGAA TGTCCAACGC AAAGCAATAC 400 

ATGAACTCAT CCAAGTGATG GCTGAACTGT CGCCAGCAGC TAAAACAGGG 450 

AAGCGAAAAA GGAGTCAGAT GCTGTTTCGA GGTCGAAGAG CATCCCAG 498 



2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 166 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



Met 


Lys 


Tyr 


Thr 


Ser 
5 


Tyr 


He 


Leu 


Ala 


Phe 
10 


Gin 


Leu 


Cys 


He 


Val 
15 


Leu 


Gly 


Ser 


Leu 


Gly 
20 


Cys 


Tyr 


Cys 


Gin 


Asp 
25 


Pro 


Tyr 


Val 


Lys 


Glu 
30 


Ala 


Glu 


Asn 


Leu 


Lys 
35 


Lys 


Tyr 


Phe 


Asn 


Ala 
40 


Gly 


His 


Ser 


Asp 


Val 
45 


Ala 


Asp 


Asn 


Gly 


Thr 
50 


Leu 


Phe 


Leu 


Gly 


He 
55 


Leu 


Lys 


Asn 


Trp 


Lys 
60 


Glu 


Glu 


Ser 


Asp Arg 


Lys 


He 


Met 


Gin 


Ser 


Gin 


He 


Val 


Ser 


Phe 










65 










70 










75 


Tyr 


Phe 


Lys 


Leu 


Phe 
80 


Lys 


Asn 


Phe 


Lys 


Asp 
85 


Asp 


Gin 


Ser 


He 


Gin 
90 


Lys 


Ser 


Val 


Glu 


Thr 
95 


He 


Lys 


Glu 


Asp 


Met 
100 


Asn 


Val 


Lys 


Phe 


Phe 
105 


Asn 


Ser 


Asn 


Lys 


Lys 
110 


Lys 


Arg 


Asp 


Asp 


Phe 
115 


Glu 


Lys 


Leu 


Thr 


Asn 
120 


Tyr 


Ser 


Val 


Thr 


Asp 
125 


Leu 


Asn 


Val 


Gin 


Arg 
130 


Lys 


Ala 


He 


His 


Glu 
135 


Leu 


He 


Gin 


Val 


Met 
140 


Ala 


Glu 


Leu 


Ser 


Pro 
145 


Ala 


Ala 


Lys 


Thr 


Gly 
150 


Lys 


Arg Lys 


Arg 


Ser 


Gin 


Met 


Leu 


Phe 


Arg 


Gly 


Arg 


Arg 


Ala 


Ser 



155 160 165 

Gin 
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2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 714 

(B) TYPE: nucleic acid 
{ C ) STRANDEDNESS : double 

( D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

ATGAGTAAAG GAGAAGAACT TTTCACTGGA GTTGTCCCAA TTCTTGTTGA 50 

ATTAGATGGT GATGT TAATG GGCACAAATT TTCTGTCAGT GGAGAGGGTG 100 

AAGGTGATGC AACATACGGA AAACTTACCC TTAAATTTAT TTGCACTACT 150 

GGAAAACTAC CTGTTCCATG GCCAACACTT GTCACTACTT TCTCTTATGG 200 

TGTTCAATGC TTTTCAAGAT ACCCAGATCA TAT GAAACGG CATGACTTTT 250 

TCAAGAGTGC CATGCCCGAA GGTTATGTAC AGGAAAGAAC TATATTTTTC 300 

AAAGATGACG GGAACTACAA GACACGTGCT GAAGTCAAGT TTGAAGGTGA 350 

TACCCTTGTT AATAGAATCG AGTTAAAAGG TATTGATTTT AAAGAAGATG 400 

GAAACATTCT TGGACACAAA TTGGAATACA ACTATAACTC ACACAATGTA 450 

TACATCATGG CAGACAAACA AAAGAATGGA ATCAAAGTTA ACTTCAAAAT 500 

TAGACACAAC ATTGAAGATG GAAGCGTTCA ACTAGCAGAC CATTATCAAC 550 

AAAATACTCC AATTGGCGAT GGCCCTGTCC TTTTACCAGA CAACCATTAC 600 

CTGTCCACAC AATCTGCCCT TTCGAAAGAT CCCAACGAAA AGAGAGACCA 650 

CATGGTCCTT CTTGAGTTTG TAACAGCTGC T GGG ATT AC A CATGGCATGG 700 

ATGAACTATA CAAA 714 



2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1809 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

ATGTTACGTC CTGTAGAAAC CCCAACCCGT GAAATCAAAA AACTCGACGG 50 

CCTGTGGGCA TTCAGTCTGG ATCGCGAAAA CTGTGGAATT GATCAGCGTT 100 

GGTGGGAAAG CGCGTTACAA GAAAGCCGGG CAATTGCTGT GCCAGGCAGT 150 

TTTAACGATC AGTTCGCCGA TGCAGATATT CGTAATTATG CGGGCAACGT 200 

CTGGTATCAG CGCGAAGTCT TTATACCGAA AGGTTGGGCA GGCCAGCGTA 250 

TCGTGCTGCG TTTCGATGCG GTCACTCATT ACGGCAAAGT GTGGGTCAAT 300 

AATCAGGAAG TGATGGAGCA TCAGGGCGGC TATACGCCAT TTGAAGCCGA 350 

TGTCACGCCG TATGTTATTG CCGGGAAAAG TGTACGTATC ACCGTTTGTG 400 

TGAACAACGA ACTGAACTGG CAGACTATCC CGC CGGGAAT GGTGATTACC 450- 

GACGAAAACG GCAAGAAAAA GCAGTCTTAC TTCCATGATT TCTTTAACTA 500 

TGCCGGAATC CATCGCAGCG TAATGCTCTA CACCACGCCG AACACCTGGG 550 

TGGACGATAT CACCGTGGTG ACGCATGTCG CGCAAGACTG TAACCACGCG 600 

TCTGTTGACT GGCAGGTGGT GGCCAATGGT GATGTCAGCG TTGAACTGCG 650 

TGATGCGGAT CAACAGGTGG TTGCAACTGG ACAAGGCACT AGCGGGACTT 700 

TGCAAGTGGT GAATC CGC AC CTCTGGCAAC CGGGTGAAGG TTATCTCTAT 750 

GAACTGTGCG TCACAGCCAA AAGCCAGACA GAGTGTGATA TCTACCCGCT 800 

TCGCGTCGGC ATCCGGTCAG TGGCAGTGAA GGGCGAACAG TTCCTGATTA 850 

ACCACAAACC GTTCTACTTT ACTGGCTTTG GTCGTCATGA AGATGCGGAC 900 

TTGCGTGGCA AAGGATTCGA TAACGTGCTG ATGGTGCACG ACCACGCATT 950 

AATGGACTGG ATTGGGGCCA ACTCCTACCG TACCTCGCAT TACCCTTACG 1000 

CTGAAGAGAT GCTCGACTGG GCAGATGAAC ATGGCATCGT GGTGATTGAT 1050 

GAAACTGCTG CTGTCGGCTT TAACCTCTCT TTAGGCATTG GTTTCGAAGC 1100 

GGGCAACAAG CCGAAAGAAC TGTACAGCGA AGAGGCAGTC AACGGGGAAA 1150 

CTCAGCAAGC GCACTTACAG GCGATTAAAG AGCTGATAGC GCGTGACAAA 1200 

AACCACCCAA GCGTGGTGAT GTGGAGTATT GCCAACGAAC CGGATACCCG 1250 

TCCGCAAGGT GCACGGGAAT ATTTCGCGCC ACT GGCGGAA GCAACGCGTA 1300 

AACTCGACCC GACGCGTCCG ATCACCTGCG TCAATGTAAT GTTCTGCGAC 1350 

GCTCACACCG ATACCATCAG CGATCTCTTT GATGTGCTGT GCCTGAACCG 1400 

TTATTACGGA TGGTATGTCC AAAGCGGCGA TTTGGAAACG GCAGAGAAGG 1450 

TACTGGAAAA AGAACTT CTG GCCTGGCAGG AGAAACTGCA TCAGCCGATT 1500 

ATCATCACCG AATACGGCGT GGATACGTTA GCC GGGCTGC ACTCAATGTA 1550 

CACCGACATG TGGAGTGAAG AGTATCAGTG TGCATGGCTG GATATGTATC 1600 

ACCGCGTCTT TGATCGCGTC AGCGCCGTCG TCGGTGAACA GGTATGGAAT 1650 

TTCGCCGATT TTGCGACCTC GCAAGGCATA TTGCGCGTTG GCGGTAACAA 1700 

GAAAGGGATC TTCACTCGCG ACCGCAAACC GAAGTCGGCG GCTTTTCTGC 1750 

TGCAAAAACG CTGGACTGGC ATGAACTTCG GTGAAAAACC GCAGCAGGGA 1800 

GGCAAACAA 1809 



BNSOOCID: <WO. 



0243650A2J_> 



WO 02/43650 



PCT/EL01/01099 



VHI 



2) 



INFORMATION FOR SEQ ID NO: 17: 



(i) 



(xi) 



SEQUENCE CHARACTERISTICS : 



(A) 
(B) 
<C) 
(D) 



LENGTH : 
TYPE: 

STRANDEDNESS : 
TOPOLOGY: 



SEQUENCE DESCRIPTION: 



33 

amino acid 

single 

linear 

SEQ ID NO: 17: 



ATGCTGCAGA AGACTAATCT TTTTCTCTTT CTC 33 



2) 



INFORMATION FOR SEQ ID NO: 18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



TGACTGCAGC ATTACAGTGT CAAGCTCATC ATGTTTGTAT AG 42 



2) 



INFORMATION FOR SEQ ID NO: 19: 
<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 190 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 



AACTGCAGTC AATGTTACGT CCTGTAGAAA CCC 33 



2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 190 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

ACGCGTCGAC CTTTGTTTGC CTCCCTGCTG C 31 



BNSDOCJD: <WO_ 



_0243650A2J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



